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The development of high purity 
refractories for Industry and Research 


Jet propulsion . . . atomic energy... more recently Zeta are new fields in which Thermal 
fused quartz and fused silica have been invaluable. In commercial industry, Thermal 
refractories have been proved by continued use in every-day applications, such as Vitreosil 
sheaths for infra-red heating, and fused magnesia as insulation for quick heating electric 
radiants. 

High purity fused silica, a new achievement of our research, is speeding the manufacture 
of semi-conductor devices which are vital to the electronics industry. 

The Thermal Syndicate are the largest manufacturers in the World of fused quartz and 
silica ... their products are known and used everywhere ; even the recent Transantarctic 
Expedition were supplied with Vitreosil Laboratory Ware. 
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An advertisement in the Edwards ‘* Mike Ron” and “ Milly Torr’ series 


Let's have a little bit of “hush’’, Milly, 
Let's have some peace and quiet 

No deci-bells ringing — 

Just Speedivacs singing, 

“Still as the night’’. 


In their quiet way, “Speedivac” high 
vacuum pumps have done a great deal to 
eliminate noise from the laboratory. Now, 
indeed, you can have a whole battery 


of them working almost as silently 
as if they were actually in the vacuum 


they so efficiently produce. 


“SPEEDIVAG’ WiGH VACUUM ROTARY PUMPS 


EDWARDS HIGH VACUUM LTD., MANOR ROYAL, CRAWLEY, SUSSEX, ENGLAND. Crawley !500. 
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HIGH RESOLUTION WITH NEW 
INFRARED GRATING COMPONENT 


The new SP.130 Grating Accessory for the Unicam Infrared Spectro- 
meter employs two diffraction gratings of the Merton replica type, ruled 
at 1,500 and 3,000 lines/inch respectively for the ranges 650—2,150 cm"! 
and 2,150—3,650cm-'. Selection of the appropriate grating (or reversion 
to single prism monochromator) is by simple push-button control. Added 
to the rocksalt prism of the basic instrument, the accessory makes avail- 
able a prism/grating double monochromator with exceptional resolving 
power and low stray light characteristics. These features combine with the 
outstanding photometric accuracy of the SP.100 spectrometer to provide 
an instrument well suited to the increasingly important field of intensity 
measurements at high resolution. 

The Grating Accessory can be supplied as a component part of the 
Spectrometer or can be fitted by Unicam engineers to instruments already 
in service. 


Schematic optical layout of prism/ grating double monochromator 


Fig. 2 


The two polystyrene spectra shown were run under exactly similar instrument 
conditions, fig. 1 on the standard spectrometer with rocksalt prism, fig. 2 on an 
instrument fitted with prism/grating double monochromator. The improvement in 
resolution is clearly shown by a comparison of the points marked A & B which appear 
as inflections in fig. 1 and are resolved as secondary peaks when the grating is used. 


The SP.130 accessory further increases the range and power of the SP.100 Spectro- 
meter and helps to provide all the facilities required for the most advanced infrared 
techniques. 


SP.130 
U N | C & M Grating Accessory 
FOR THE SP.100 INFRARED SPECTROMETER 


UNICAM INSTRUMENTS LIMITED - ARBURY WORKS - CAMBRIDGE 
vite 


| 
bad 
=< 
“sh 
on 
ber 


LETTERS TO 


GEOLOGY and GEOPHYSICS 


Isotopic Composition of Lead from iia 
Mineral Deposits.—S. Moorbath . 
Paleomagnetism of Certain Rocks from. New- 
foundland.—Dr. A. M. D. Frost 
and B.G. Light . 


PHYSICAL SCIENCES 


Anomalous Night-Time Reception of a Major 
Solar Radio Burst.—Prof. Alex. G. Smith, T. D. 
Carr and W. H. Perkins 

Polynomial Representation of Steam Tables. — 
W. G. Berry, G. Black and J. A. Enderby 

Ductility of Rhodium.—A. geste and D. W. 

Adsorption and of in Fired 
Ceramic Materials.—F. a and A. Dins- 


CHEMISTRY 


Structural Chemistry of Promethium.—M. Bruno 
and Prof. U. Croatto 
Tetra-co-ordination of Nickel(II)—Some 
plexes with Cyclohexylphosphine.—Dr. Aldo 
Turco, Dr. Viladimiro Scatturin and Dr. 
Giovanni Giacometti . > 
Gas Phase Oxidation of Hydrocarbons: Endo- 
thermic Nature of the Initial sess of Reaction. 
—Dr. K. C. Salooja 
A Rapid Method for 
tion of Ammonium Sulphate Solutions.— 
Dr. John R. Whitaker and Dr. Robert Hughes 
Adaptation of a Photometer for the Direct Record- 
erzele 


BIOCHEMISTRY and PHYSIOLOGY 


Electrophoretic Heterogeneity of Trypsin.— 
J.C. Perrone, L. V. Disitzer and G. Domont 

Albumin labelled with Iodine-131 in an Anal- 
buminemic Subject.—T. Freeman, C. M. E. 
Matthews, Dr. A. 8S. H. Bennhold 
and E. Kallee 

Effect of Clipping the Coat on si isicinooegiilii 
tory Reactions of Dairy Heifers.—A. Berman 
and H. H. Kibler ‘ 

Pharmacological and of 
5-Benzylidenerhodanine.—Salah A. Tawab, 
Prof. Ahmed Mustafa and A. F. A. oe 
Shalaby 

The y-Aminobutyric Acid wl Glutamic Acid 
Content of Brains of Rats treated with Toxo- 
pytimidine.—G. Rindi and G. Ferrari 

Effect of Dietary Protein on the Severity of 
Experimental Mouse Hepatitis—-Dr. Boris 
Ruebner and James L. Bramhall . ; 

Oxidative Metabolism of Cartilage.—Dr. Philip 
Person and Dr. Albert Fine . ‘ . 

Chemical Excitation of Spinal ‘eatin. —Dr. 
D.R. Curtis, J. W. Phillis and Dr. J. C. Watkins 

Anti-Tumour Activity of 5-Mercaptouracil.— 


Thomas J. — Albert —. and Julian 
L. Ambrus 


THE EDITORS 


An Equation for the Flow of Blood, Plasma and 
Serum through Glass ee G. W. 
Scott Blair . 

Effect of a (Methox- 
amine Hydrochloride) on Growth of Hair in the 
House Mouse (Mus musculus).—F.Cockrem . 

Glycosidases in Some Farm Animals.—J. Conchie, 
June Findlay and Dr. G. A. Levvy . s 

Distribution of Kappa-Casein in Skim Milk.— 
Royal A. Sullivan, Margaret M. eo 
and Elizabeth K. Stanton 

Effect of Amniotic Fluid on Inhibition of Growth 
by Cortisone in Chicken Embryos.—Dr. P. 
Franciscis and Prof. W. Landauer . ° 

Effect of Streptomycin on the Incorporation of 
Amino-Acids labelled with Carbon-14 into 
Ribonucleic Acid and Protein in a Cell-free 
System of a Mycobacterium.—T. Erdés and 


PLANT PHYSIOLOGY 


Non-respiratory Gas released from Seeds during 
Moistening.—Alan H. Haber and 4 
Brassington 

A Two-Stage of __Prof. 
Patrick Collard and Simon Levi. 


AGRICULTURAL SCIENCE 


Spraying of Barley with 2,4-Dichlorophenoxy- 
acetic Acid.—E. L. Leafe ‘ 
‘Karathane’: the Value of its Differential Fungi- 
cidal Effect in Relation to Mildew and Yellow 
Rust of Wheat.—D. A. “a and Shirley 


BIOLOGY 


Cstrous Cycle, Gestation Period and Parturition 
in the Marsupial Trichosurus vulpecula.—Dr. 
A. G. E. Pilton and G. B. Shar- 
man 

A Relationship some 
and Diet in Early Weaned Calves.—J. Margaret 
Eadie, Dr. P. N. Hobson and 8. O. Mann ‘ 

A Photographic Method for recording Activity 
and Behaviour in a Group of Small Animals.— 
Dr. D. K. Edwards 

Photochemical Reduction of Blue Toteneetions be 
Isolated Chloroplasts.—John J. _— and 
Prof. Meyer Chessin 

Physiological Races of 
Mont. (de Bary) in Northern Ireland.—K. G. 
Proudfoot . 

Feulgen Reaction in the Pisin: = M. Naylor 
Leaf-Enations in Dahlia variabilis Desf. induced 
by Tomato Spotted Wilt Virus.—A. A. Brunt 

t 
PATHOLOGY 


Effect of Neutral Red on Plaque Formation by 
Fowl Plague Virus.—Dr. A. P. Waterson . 

Local Inhibition by Lactation of chemically 
induced Breast Tumours in Mice of the IF 
Strain.—June Marchant 

Increase of Viral Hemagglutinability of Red Cells 
of the Mouse after Treatment with Formalin.— 
B. Fauconnier and D. Barua . 


595 | 
596 614 ‘ 
615 
598 617 
599 
600 618 
601 619 
621 
ae 
| 
604 
622 
605 | 
624 | 
606 625 
| 
606 626 
607 627 4 
608 | 
ry 
4 
AETER 610 
611 629 | 
IDGE 
612 


cexlviii 


NATURE February 28, 1959 


SC? microbiological reagents and media 


Bacto-Dehydrated Media for Microbiological Assay of 


VITAMINS and AMINO ACIDS 


These media contain all the necessary nutriments for the growth of specified test organisms for the microbiological 
assay of vitamins and amino acids except for the component under assay. These basal media require only the 
addition of specified increasing amounts of the vitamin or amino acid being assayed to obtain a growth response 
which may be measured by acidimetric or turbidimetric methods for the construction of standard curves. The 
vitamin or amino acid content of the material under assay is determined by adding appropriate concentrations of the 
test substance to the basal medium and comparing the growth response obtained with that of the standard. 


BACTO-RIBOFLAVIN ASSAY MEDIUM BACTO-FOLIC ACID ASSAY MEDIUM BACTO-METHIONINE ASSAY MEDIUM 
BACTO-NIACIN ASSAY MEDIUM BACTO-PYRIDOXINE ASSAY MEDIUM BACTO-LYSINE ASSAY MEDIUM 
BACTO-THIAMIN ASSAY MEDIUM BACTO-BIOTIN ASSAY MEDIUM BACTO-ISOLEUCINE ASSAY MEDIUM 


BACTO-CHOLINE ASSAY MEDIUM 


BACTO-PANTOTHENATE ASSAY MEDIUM BACTO-CF ASSAY MEDIUM BACTO-ARGININE ASSAY MEDIUM 
BACTC-B,, ASSAY MEDIUM USP BACTO-TRYPTOPHANE ASSAY MEDIUM BACTO-TYROSINE ASSAY MEDIUM 
BACTO-CS VITAMIN B,, AGAR BACTO-LEUCINE ASSAY MEDIUM BACTO-CYSTINE ASSAY MEDIUM 


The method employed in carrying stock cultures of BACTO-MICRO ASSAY BACTO-B,, CULTURE 
the test organisms and preparing the inoculum for CULTURE AGAR AGAR USP 
microbiological assay is important. The following BACTO-MICRO INOCULUM BACTO-B,, INOCULUM 
media have been developed especially for carrying BROTH BROTH USP 

stock cultures and for preparation of the inoculum : BACTO-NEUROSPORA CULTURE AGAR 


BACTO-VITAMIN FREE CASAMINO ACIDS, dehydrated, is an acid hydrolysate of vitamin-free casein prepared especially 
for laboratories investigating microbiological assay of vitamins. 


Over 60 years’ experience assures UNIFORMITY - STABILITY - ECONOMY 


Difco Laboratories 


Prompt delivery from U.K. stock. Write for Difco Manual and technical leaflets to the sole agents: 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 
Branches in London, Manchester and Glasgow Agents throughout U.K. and all over the world 


HEATING MANTLES 


for the laboratory and for pilot plant 


Electrothermal offers the largest range of heating mantles accommo- 
dating any size of glass, silica, porcelain or metal vessel. 
Constructions available are : 


“SERIES M......... 
*SERIES MV...... 


*SERIES MY....... 
*SERIES M4 ...... 


standard aluminium housed mantles. 
“Multimantie’”’, an aluminium housed 
multi-purpose mantle for use with a range 
of vessels. 

aluminium housed mantles of simplified 
design. 

all-flexible mantles with the ingenious 
neck opening. 


AVAILABLE FROM ALL LABORATORY SUPPLY HOUSES 


Apart from the 


» mantles can be built for 


standard ranges. 
special requirements such as for operation : 


*in flameproof areas 


*with inert gas * at high loadings 


lilustration shows 100 and 200 litre Series M mantles with Buxton 
certified connections in use at the Distillers Co. Ltd. 


PLEASE REQUEST LEAFLET No. N.307/4 


ELECTROTHERMAL ENGINEERING LTD. 
270 Neville Rd., London, E.7 Tel: GRA 9911 
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N his latest report, Dr. Caryl P. Haskins, president 

of the Carnegie Institution of Washington, dis- 
cusses further some of the problems presented to our 
times by the formidable diversities which characterize 
scientific effort. In his previous report he was con- 
cerned essentially with the challenges to communica- 
tio and their implications for scientific institutions. 
In the present report, approaching the problem of 
innovation from an entirely different angle to Prof. 
J. Jewkes and his colleagues in ‘‘The Sources of 
Invention”, he examines at some length the con- 
ditions most favourable to truly original investigation 
and the measures necessary to ensure that scientific 
originality continues to flourish in our society. 

Once again Dr. Haskins begins with a brilliant and 
penetrating survey of the nature of scientific advance, 
which brings out the really vital factors—factors 
which tend to be over-shadowed by the very mag- 
nitude of scientific and technical effort to-day, when 
in 1958 American industry alone is estimated to be 
spending eight thousand million dollars on science 
and technology. These are massive and powerful 
factors shaping and seeking the opportunities for 
innovation, but they may not be ultimately the most 
significant of our time, though Dr. Haskins recognizes 
that the major revolutions in human thought are 
largely invisible to those who pass through them. 
Even the great tangible events that accompany such 
changes—the scientific conquests, the social up- 
heavals, the political unrest and change—appear at 
the time largely as a series of striking but discon- 
nected and disrupting events. In the perspective of 
three centuries, it is not very hard to see how inter- 
related were the turbulent material changes of the 
sixteenth and seventeenth centuries with the deeper 
revolutions of concept which accompanied them, or 
to realize how often inner revolution was reflected in 
the more material, more evident external one. We 
too may, Dr. Haskins suggests, be living in a time of 
remoulding of basic concepts that will ultimately be 
48 fraught with opportunities for new exploration as 
was the scientific revolution of the sixteenth century. 

Dr. Haskins’s emphasis is on this note of oppor- 
tunity. The greatest of man’s advances are made, he 
maintains, not in the harshness of old necessity, but 
in the richness of new opportunity. Only to a limited 
extent does he believe that necessity is the mother 
of invention. With mankind, as with all living 
things, grinding hardship to the limit of endurance 
may be met by sinewy resistance, may lead to extra- 
ordinary heightening of old skills, to a marvellous 
sharpening and extension of well-tried modes of 
existence, but, in the larger sense, it may evoke little 
that is really new. “It is against the great and novel 
hallenge, in fresh and unknown gardens of the 
intellect and spirit, that the mind of man has always 
foundunrecognized powers, has always gleaned strength 
and courage and capacity to reach new worlds.” 
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Because, therefore, every significant innovation 
brings new opportunity in its train, and that new 
opportunity in its turn breeds wider and more encom- 
passing innovation, the very scale of scientific ad- 
vances in the past few years brings an incomparable 
richness in opportunity for innovation, almost 
explosive in its dimensions. The revolutionary 
developments in nuclear physics and in relativity 
have made it clear that the succession of physical 
observations, the building of hypotheses to connect 
them, the elaborating of results predicted from those 
hypotheses, and the experimental testing of these 
results, while still the essential building stones of 
scientific inquiry, cannot, with only the older logic 
that has long connected them, comprehend the whole 
of Nature or be adequate to all the needs of science. 
A door has been opened on vistas so wide and un- 
familiar that we may well be on the brink of a 
revolution in our notions of the nature of scientific 
truth itself. We may perhaps come to think of 
scientific truth primarily as a measure of the com- 
municability and coherence of systems of thought, 
as a property of interchangeability between observers 
on one hand, and of scientific propositions between 
differing situations on the other. 

If the old definition of the primary task of science 
as the search for truth is to retain its essential 
meaning, Dr. Haskins suggests we could then well 
say that the highest aim of scientific inquiry is to 
make knowledge communicable in all possible 
situations, and that knowledge shall be judged as 
‘true’ by the degree of ‘coherence’ among such 
situations. This, of course, is a different aspect of 
the problem of communication from that discussed 
in his previous address ; but at this point the two 
addresses are linked, for Dr. Haskins suggests that 
an essential core of such thinking, the concept of 
communication and communicability, may become 
one of the central ideas of science in the years to 
come, colouring all its concerns, from particle physics 
to the sciences of life and mind. Some indication 
that this is recognized can perhaps be traced in the 
proceedings of the International Conference on 
Scientific Information held at Washington last 
November. 

It is out of the meeting of those new challenges 
and the embracing of the opportunities that the 
intellectual revolution, which Dr. Haskins predicts, 
will come, and it is because of them that he suggests 
there has never been a time richer in scientific 
opportunity. Nevertheless, truly great innovation 
remains a comparatively rare event, and Dr. Haskins 
is too wise to believe it can be organized. Even more 
important and striking is the rare and precious 
quality of the innovator himself, relative to the 
comparatively large and ever-growing number of 
fine minds devoted to science. He suggests that the 
opportunities for original advance have not been 
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grasped as fully as they might well be, but his 
analysis is too penetrating for him to be led astray. 

Others have also recognized that the intrinsic 
difficulty of great innovation and the various im- 
pediments to its communication are two reasons for 
its comparative infrequency. Prof. C. F. Carter and 
Prof. B. R. Williams, in “Industry and Technical 
Progress”, were particularly concerned with means 
for removing impediments to communication. They 
also noted that the rate of technical change is 
limited by the number of good minds which can be 
brought to bear on the problems of research, of 
development and of management, and that this 
number is not capable of indefinite increase. Similarly, 
Prof. Jewkes and his colleagues, who, in asking the 
vital question whether Western societies are fully 
conscious of what they have been doing to them- 
selves recently, come near the point of view of Dr. 
Haskins when they refer to the rashness of assuming 
that, because there are more people equipped with 
technical knowledge employed in research and 
development, results are bound to emerge, and that 
the effectiveness of the work of technicians increases 
when they are employed in the larger organized works. 

Dr. Haskins is no less conscious of the law of 
diminishing returns. The ultimate limiting factor is 
the inherent rarity of the real innovating mind. We 
must, he thinks, accept the fact that in any human 
population there will be only a small proportion of 
such minds. We are far from certain how small that 
proportion need be under the best conditions. Those 
conditions can eliminate waste and frustration 
though they cannot increase the absolute number, and 
it is to consideration of the nature of those conditions 
that Dr. Haskins devotes the later part of his report. 

Although our contemporary culture affords oppor- 
tunities for creativeness probably unrivalled in 
history, it also has hazards that may likewise be 
unequalled. One such hazard is inherent in the very 
structure of thought and philosophy which may 
crystallize about a field of inquiry, forming more 
powerful and dangerous barriers to the advance of 
concept and experiment alike than we ordinarily 
recognize. Prof. Carter and Prof. Williams concluded 
their report to the Science and Industry Committee 
with the observation that it would take much 
ingenuity by industry and Government to break up 
the crust of habit and to divert lively and able 
minds from the places where change is most likely 
to those where it is most needed ; and Prof. Jewkes 
comments specifically on the serious danger that 
institutions will tend with time to grow stiff in out- 
line and rigid in outlook, and on the challenge which 
genius accordingly presents. He and his colleagues 
ask indeed whether, even though there now may 
be more people with the knowledge and training 
that may be a pre-requisite for invention, they are 
used in ways which make it less likely that they will 
invent. Is there truth in the idea that, although the 
institution is a powerful force in accumulating, pre- 
serving, disseminating and projecting, it will normally 
be weak in its power to originate and will, therefore, 
carry within itself the seeds of stagnation unless the 


February 28, 1959 VoL. 183 


powers and opportunities of individuals to compete 
with, resist, challenge, defy and, if necessary, over. 
turn, the institutions can be preserved ? Or, in other 
words, is the growth of large-scale invention, of 
government-sponsored research or even of university 
education likely to reduce innovation by increasing 
resistance to change. In science, as in politics, the 
block mind can be a danger. 

A. N. Whitehead’s belief that the Vitality of 
thought is in adventure is no less impressed on Dr, 
Haskins. The more elaborate the pattern of a system 
of thought, the more adequate, the more satisfactory 
and the more self-consistent it seems, the more 
difficult it is to transcend and the greater may be 
the resistance to truly original departures from it. 
This paradoxical balance between the older thinking 
and the new, he points out, is the more delicate 
because it seems inevitable that, although all new 
scientific concepts must transcend the older matrix 
from which they arise, if they are to become estab- 
lished and permanent they must also find firm links 
with it. This dual relation between the new advance 
and the older structure of knowledge and reasoning 
from which it springs may be largely responsible for 
the long interludes of refinement and consolidation, 
punctuated by shorter periods of explosive revolu- 
tion, which characterize the history of human thought, 
and Dr. Haskins illustrates this thesis with examples 
from the sciences of life and mind. 

There are, however, other more practical barriers. 
Pointing out that the modern world differs pro- 
foundly from other centuries in its conscious recog: 
nition of the fact—but not always the process—of 
innovation, he discounts the belief that because we 
can by organization accelerate the processes of 
development built upon innovation, we can also 
organize for greater innovation the creative act 
itself. Such misconceptions are peculiarly liable te 
occur in massive and highly organized environments 
devoted to research and development, and are 
inherent in the confusion between the processes of 
scientific research itself and of development, in the 
uncritical transfer of ideas and techniques from 
development and production into the field of scientific 
innovation. Among such misconceptions, too, is the 
destructive view that the effectiveness of innovation, 
like that of production, can be doubled simply by 
doubling the size of the accompanying effort. 

Dr. Haskins thus returns to his deeply significant 
point that, in our own time of unparalleled technical 
advance, the great innovations are still highly 
individual, are still associated, at their inception. 
with a handful of names ; and that accordingly the 
comparative rarity of the environments most favour- 
able to truly original investigation, their unusual 
and special character, and the frequent practical 
impediments to their best development, may impos? 
sharper limitations on the creative potential of 
nation than we are inclined to recognize. They 
provide, for example, a social basis for taking 
especial care, in the educational system, to encourage 
the gifted and exceptional individual. Agal”. 
climates of research must comprise many and varied 
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elements, some of which are rarely joined in more 
ordinary situations. Incidentally, we know little as 
yet about the optimum size of a research group, or 
the way & group functions in developing new ideas, 
and the effect on a group and on himself in the 
group of an outstanding innovator. 

Here the importance of understanding and pro- 
tection is stressed. Since innovation is, and must, 
always remain a uniquely individual experience, it 

unusual social dangers for the investigator 
from which he must be adequately shielded—the 
animosity with which the new, with its threat to 
current things, must often provoke. Such dangers 
may not be fatal once the advance is fairly made ; 
the greater risk is that the prospect of such hard- 
ships may inhibit the individual capable of great 
imovation from undertaking it or from fully 
developing its results. The unexampled richness of 
opportunity for scientific creativeness in our society 
enhances the need to analyse most carefully this 
climate in which true scientific originality best 
flourishes and to ensure that environments embodying 
it are adequately provided and conserved. 

Dr. Haskins’s prescription for institutions assuming 
these great responsibilities deserves widespread 
attention, not only from the universities, independent 
research institutions and professional associations, 
but also from the research councils and the Advisory 
Council on Scientific Policy. The most important of 
their tasks is, of course, the discovery, the encourage- 
ment and the adequate training of the outstandingly 
original investigator, and the fostering of his work. 
Such institutions must therefore be unusually 
sensitive to the rare, natively innovating mind, and 
unusually adept in its discovery. They must possess 
in high degree the ability to promote and develop 
the peculiar drive, the special verve and flair, the 
fine sense of style which great innovations inherently 
require, and be able to train the innovator of excep- 
tional promise in the company of other gifted 
investigators already mature and at the height of 
their powers. 

Above all, such institutions need to create uncon- 
ventional and malleable environments, meeting not 
merely the different requirements of different 
workers, but also of the same investigator at various 
periods of his working life. Besides provision for 
the long periods of seclusion and introversion that 
may be essential during periods of highest creativity, 
Dr. Haskins insists on ample understanding and 
capacity to shield the worker in this his most vulner- 
able time from the insistent demands that will surely 
come to formulate results and conclusions pre- 
maturely. Such institutions must also be able to set 
and apply subtle standards of excellence, judging and 
rewarding high standards of excellence by more 
searching criteria than are often superficially accepted. 
They need teachers of research of the highest quality 
and in high ratio to those they train, and finally they 
have the supreme responsibility of communicating 
tapidly and effectively to workers in fields that may 
seem far remote, yet may actually be contiguous to 
those in which the discoveries have been made. 
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Ideally, Dr. Haskins believes that such institutions 
should be relatively small and certainly decentralized 
so far as possible, and in his view both the univer- 
sities and the research institutions have a part to 
play. Neither, however, is likely to meet his pre- 
scription unless there is a greater awareness that the 
nation’s reserves of men and women capable of 
advanced training are limited. The higher educational 
institutions must give much greater attention to this 
question of quality, and to making the best use of 
the exceptional individual. Lord James recently 
pointed out that we still have very little knowledge 
of the extent of resources in human capacity ; but 
even while that knowledge is being acquired, we 
should be giving much greater attention to the needs 
of outstanding ability than is evident, for example, 
in the questions which Lord Simon put forward for 
inquiry in a recent issue of The Universities Quarterly. 
That should be a determining factor in considering, 
for example, the size of a university, the relations 
between research and teaching, and the size of a 
research school ; and it accentuates the importance 
of academic autonomy. 

Dr. Haskins notes some of the conditions which 
hinder universities, both in the United States and in 
Britain, in discharging their responsibilities in dis- 
covering and training new generations of investi- 
gators in science. In such an expansion as that 
which is now contemplated, the universities are 
particularly vulnerable to pressures which hinder the 
establishment or maintenance of the conditions which 
are most desirable for the outstanding innovator but 
which the community can ill afford to supply for 
the mediocre. To maintain high standards in teaching 
staff and high ratios of staff to students will not be 
easy ; to supply appropriate conditions for a research 
school still less easy, even in the absence of any 
tendency to require an honours student to undertake 
research whether or not he has the ability or dis- 
position for research or intends to follow such a 
career. Nor is the training of the exceptionally gifted 
individual or the great innovator the only respons- 
ibility of the universities. 

All this points to the need for diversity, and Dr. 
Haskins is convinced as to the place the research 
institute can take in discovering and fostering new 
minds of high promise, of selecting them with dis- 
cernment, of affording them full training as investi- 
gators, and then seeing that their careers can be 
spent where their talents are most effective. He has 
in this address directed attention to opportunities 
and dangers that exist in Britain as well as in the 
United States, to problems to which urgent attention 
is demanded both in planning the expansion of 
universities and colleges of technology and in con- 
sidering the organization of the whole structure 
for research. That some of them have of late 
been disregarded is unhappily only too appar- 
ent; but his report presents a challenge which 
the Government and the universities must accept 
if Britain is to develop and use effectively 
its full resources in scientific and technical man- 
power. 
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ANATOMY OF A CCELACANTH 


Anatomie de Latimeria chalumnae 

Par J. Millot et J. Anthony. Tome 1: Squelette, 
Muscles et Formations de soutien. Pp. i+122+80 
planches. (Paris: Editions du Centre National de la 
Recherche Scientifique, 1958.) 9,800 francs. 

F we have had long to wait for the detailed account 

of the anatomy of Latimeria, at least the first 
instalment handsomely justifies the gestation-period. 
It is, moreover, the part which will be of greatest 
interest to paleontologists, who have so patiently 
and skilfully unravelled the structure of the long- 
extinct relatives of this anachronistic fish. There is 
an exsthetic pleasure in seeing how, in detail after 
detail, Latimeria takes its place in the evolutionary 
pattern already outlined by the study of the difficult 
fossil material. There are some surprises. The nature 
of the rostral organ and the lack of relationship 
between the endocranial cast and the shape of the 
brain have been dealt with in earlier papers, though 
it must be said that paleontologists have been 
cautious in their claims for such casts. The pectoral 
girdle was not well known in any fossil and it proves 
to have no skeletal connexion with the head. The 
urohyal has both endochondral and dermal com- 
ponents. Some arguments have been settled; for 
example, a cavity which in a fossil Stensié interpreted 
as lodging the fixed end of the eye-muscles turns out 
to be occupied by cartilage, as Watson surmised, and 
the eye-muscles excavate no myodome. 

The general structure of the head had been outlined 
in an earlier paper, but now a series of photographs of 
dissections and of sagittal, parasagittal and transverse 
sections, each with its explanatory diagram along- 
side, makes every detail clear. We see the structure 
of the intracranial hinge, the pair of apophyses of the 
anterior half sliding in long oblique grooves in the 
posterior half; and the pair of huge subcranial 
muscles bulging the lining of the roof of the bucco- 
pharynx. These last originate on the base of the 
prootic mass and are inserted by broad aponeuroses 
on the sides of the parasphenoid, and must restore 
the two parts of the cranium to the position in which 
the apophyses of the hinge lie at rest in their sockets 
at the tops of the grooves. They recall the forward 
extension of the hypaxial body-muscles of the teleost 
Chauliodus (Tchernavin, V. V., 1953, and Giinther, 
K., and Deckert, K., 1955). In Chauliodus the hinge 
lies between the occiput and the modified anterior 
vertebral region and is, of course, not intracranial, but, 
as in Latimeria, it is at the anterior limit of the persis- 
tent notochord. In Chauliodus the whole neurocran- 
ium is moved down and up by the subcranial extension 
of the hypaxial muscles and their antagonists the 
epaxial muscles, which send aponeuroses forward on to 
the cranial roof and act in conjunction with the com- 
plicated apparatus which opens the mouth. Millot 
and Anthony have searched in vain for a simple 
antagonist to the subcranial muscles, for there is in 
Latimeria no dorsal extension of the epaxial muscle 
or its tendons on to the anterior cranial half. They 
find an indirect antagonist, however, in the coraco- 
mandibular muscle, which lowers the mandible 
and at the same time transmits its force through the 
palatoquadrate arch to push the front of the cranium 
upwards and forwards, so that the hinge-apophyses 
slide forwards and downwards in their grooves. 
From Fig. 20 and others it would seem that this 
might be reinforced by the upward push of the hind 


end of the lower jaw on the symplectic, which (as in 
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Amia) articulates with it behind the quadrate, on 
which the mandible is pivoted. In advanced teleos, 
fishes, where processes of the premaxillaries slide 
upon the ethmoid, the upper jaw moves forwards 
relative to the cranium instead of the fore-cranium to 
the hind-cranium. In this action the fibrous skin of the 
lip plays a part, and this may be so in Latimeria, too, 

More than the functional analogies and contrasts 
however, most vertebrate zoologists will look for the 
deployment of the basic vertebrate morphology in the 
sixth of the main vertebrate evolutionary lines which 
were already recognizable in the Devonian, and which 
survive to-day as Selachii, Holocephali, Actino. 
pterygii, Dipnoi, Tetrapoda and Latimeria. A feast 
is spread for us in this field, of which no reviewer's 
sample can give an adequate idea. 

Great interest is attached to the paired and median 
pediculate fins. Any hope that the paired fins might 
conform to the theoretical (and rhipidistian) precursor 
of the limbs of land vertebrates is soon dispelled. 
Not only is there nothing to compare with the radius 
and ulna (or tibia and fibula), but the pectoral girdle 
provides the apophysis, and the basal joint of the fin. 
lobe the socket, for the pectoral fin-joint, instead of 
vice versa as might have been expected. This is one 
of several features which underline the early separa. 
tion of the ccelacanth stock from the rhipidistian. 

The fin-rays, called lepidotrichia by the authors, 
are not exactly like actinopterygian lepidotrichia, 
being forked only at their bases and single for the 
greater part of their length (although one would like 
to see this confirmed by a transverse section). The 
dorsal and ventral lobes of the ‘caudal fin’ have radial 
supports and only the rays of the terminal lobe con- 
form to the restricted definition of a caudal fin in 
articulating directly with the neural and hemal 
arches, here much reduced and, of course, not broad- 
ened into hypurals. 

Le Centre National de la Recherche Scientifique 
has given this book an unusual form worthy of its 
unusual subject. The volume is first opened in the 
middle and the pages of each half are hinged along 
the top, so that the reader can have a two-column 
page of text on the left, and on the right can turn to 
any plate with its accompanying explanatory 
diagram. The photographers, radiographer and 
draughtsmen have done a magnificent job and we have 
nothing but gratitude and admiration for the authors, 
both busy men whose normal occupations had to be 
continued while they explored this precious material 
and made themselves familiar with the literature n 
a field which was hitherto the speciality of neither 
of them. 

The price will strain most private purses and may 
well make librarians blench, but buyers may be 
assured of good value and should then start saving 
for the next volume. E. TrEwavas 


CHEMISTRY IN SCHOOLS 


The Teaching of Chemistry 
By N. F. Newbury. Second edition, completely 


revised and reset. Pp. xv +294. (London: William 
Heinemann, Ltd., 1958.) 21s. net. 
HIS book is designed to help the young chemistry 


master in his first appointment, and also to help 
teachers-in-training; it is a very practical book, 
full of detailed advice. The book is intended to cover 
the whole range of ages up to the university. 
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author, who is director of education of St. Helens, 
has clearly spent much time and effort in studying 
and collecting the views of many science masters 
and this book represents the fruit of his labours. 

The first two chapters, it is true, represent an 
excursion into higher regions ; but the rest of the 
book is very much down-to-earth. The third chapter 

detailed syllabuses for elementary and 
advanced courses ; the fourth gives a mass of advice 
to the new master, starting on his first appointment ; 
the fifth discusses in great detail the practical organ- 
ization of a school laboratory, the type of equipment 
required (including the scope of improvized and 
home-made apparatus), laboratory rules, and safety 
precautions ; Chapter 6 discusses the roles of indi- 
vidual laboratory work by pupils and practical 
demonstrations by the teacher; Chapter 7 gives 
useful advice on teaching quantitative methods ; 
Chapter 8 deals with small-scale methods, again 
with detailed instructions for improvizing equipment 
cheaply ; Chapter 9 deals with the teaching of chemi- 
cal theory, with special reference to the introduction 
of chemical formule ; Chapter 10 discusses problems 
of scientific language and terminology and with 
teaching pupils to take notes; Chapter 11 deals 
with the use of diagrams and visual aids, including 
models, films, and useful advice on sources of educa- 
tional films; Chapter 12 discusses the teaching of 
experimental technique; and the final chapters 
suggest ways in which chemistry courses can be 
adapted to local conditions, the role of school clubs and 
visits, and the organization of a school science library. 

This is a very mixed book. It contains a great 
deal of useful information, set out in a disjointed 
and incoherent form, and one gets the impression 
that the author has relied more on the experience of 
others than his own. The chapters on practical work 
contain detailed accounts of apparatus and experi- 
ments, but very little on the kind of problems that 
actually arise in teaching practical chemistry. The 
theoretical syllabuses seem old-fashioned and unreal- 
istic; for example, the author would defer any 
discussion of chemical formule and equations until 
half-way through the third year of the course. 

In short, although this book would be useful to a 
critical reader, it could prove misleading to a young 
science master who had no other guide. 

M. J. 8S. Dewar 


PHILOSOPHICAL PSYCHOLOGY 


(London: Routledge 
New York: Humanities 


RR. PETERS’s book on motivation is the fourth 
_ Volume to appear in the Routledge “Studies in 
Philosophical Psychology”? which commenced publica- 
“on in 1957. Dr. Peters describes his book as “‘a 
missionary enterprise”, and it is designed to show 
Hor that their theories of motivation are 
wucdled, that any over-all theory of motivation is an 
1 Possibility, and indeed further that any attempt 
“onstruct systematic and comprehensive science 

Psychology is not merely premature but also 


logically indefensible. 


let it be said at once that Dr. P i 
. Pete fi 
deserving of a sympathetic 
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philosophical critics of psychology, simply because 
he knows much more psychology than is usually 
the case. He has read the literature of psychology 
widely and acutely. His detailed criticisms of particu- 
lar theories are worthy of attention, though he tends 
to take these theories much more seriously than 
psychologists themselves. Instead of regarding them 
as moves in a game, none of them as yet final, he 
takes them rather as ex cathedra pronouncements, 
and speaks of “‘the established order in psychology”’. 
There is, of course, no such thing as an established 
order in psychology, and no establishment among 
psychologists. Psychology is a branch of scientific 
inquiry, not an orthodox creed. In subtle ways 
like this Dr. Peters shows that in spite of his extensive 
knowledge he is in fact a touch-line observer and not 
himself a player. 

The point over which psychologists will want to 
take issue, however, is not the detailed criticism of 
current theories, but the contention that the attempt 
to construct a systematic theory of motivation is in 
principle wrong. Here Dr. Peters is not likely to 
make many converts and his missionary enterprise 
is likely to fail. For one thing, criticisms of this kind 
are far from new. The gist of what Dr. Peters says 
was said many years ago by Socrates in answer to 
Anaxagoras (Plato, ‘““Phaedo”’, 97B-99D). It has 
been repeated by philosophers, particularly those of 
an idealistic complexion, throughout the ages. It 
is unlikely that Dr. Peters will convince where his 
distinguished predecessors have failed to do so. 

Basically the reason for this is that in starting 
point and in methodology Dr. Peters and the psycho- 
logist are far removed from each other. Dr. Peters 
believes that we “already know too much about 
human behaviour”. His interest in human nature is 
moral and practical. If he can give an obvious 
practical answer to the question ‘Why does Mr. A 
do X ?’, Dr. Peters is satisfied and regards further 
explanation as ‘otiose’. What Dr. Peters lacks is 
scientific curiosity, the desire to probe beneath the 
surface of the familiar and conventional. He does 
not see that in fact even everyday human actions are 
mysterious and remarkable performances. For it is, 
of course, wholly untrue that we know too much 
about human behaviour in any acceptable scientific 
sense. We know scarcely more than primitive pre- 
scientific man knew about the physical universe. It 
is this belief, which Dr. Peters shares with other 
philosophers, that human behaviour is, as Ryle put 
it, ‘‘relatively easy to understand’’, which places a 
wide gulf between the philosophic critic and the 
psychologist. 

Secondly, in his method of approach Dr. Peters is 
fundamentally verbal. What is needed in psychology, 
he maintains, is conceptual analysis rather than 
research (p. 141). He is all the time concerned with 
“sorts of question” and “‘linguistic usages” ; he is 
not really interested in the functioning of behaviour 
as such. One constantly feels the spiritual gulf 
between this method of approach and that of the 
psychologist, the difference between a concern for 
words and a concern for matters of fact. 

Finally, there is Dr. Peters’s own brand of dogmat- 
ism, his unhesitating assumption that nature and 
‘convention’ belong to two different realms, and that 
because human behaviour is essentially ‘conventional’ 
(that is to say, conforming to social standards and 
rules) it cannot be explained in the language of natural 
science. But the assumption that nature and 
convention can never be embraced in a unitary 
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explanatory scheme is @ gratuitous one, and by no 
means logically necessary as Dr. Peters claims. All 
that can be said is that certain kinds of scientific 
explanation are incompatible with goal-seeking and 
rule-following. Science, however, is not, as Dr. 
Peters seeins to suppose, tied down to any particular 
form of explanatory model. Perhaps more promising 
than either the dogmatic dualism to which Dr. 
Peters himself adheres, or the mechanical monism 
which he criticizes, is an emergence theory which 
allows for the development of novel organizational 
levels, but sees these as fundamentally rooted in a 
common natural world. L. S. HEARNSHAW 


PROGRESS IN VITAMIN AND 
HORMONE RESEARCH 


Vitamins and Hormones 

Advances in Research and Applications, Vol. 15. 
Edited by Prof. Robert S. Harris, Prof. G. F. Marrian 
and Prof. Kenneth V. Thimann. Pp. xi+355. (New 
York: Academic Press, Inc.; London: Academic 
Books, Ltd., 1957.) 9.50 dollars. 


| might have been expected that vitamins and 
hormones could not remain easy bed-fellows 
indefinitely, but for fifteen annual volumes there 
has been no sign of discord. It is perhaps natural that 
vitamins or nutritional problems often take prece- 
dence over hormonal ones in these annual volumes, 
but in the one under review an equal distribution of 
articles between the two fields of study has been 
achieved. Three of the articles are on vitamins and 
related substances, three are on hormones, one is 
concerned with both vitamins and hormones, and 
the remaining one, on the biosynthesis of cholesterol, 
is relevant to both fields of study in so far as choles- 
terol is @ precursor both of steroid hormones and of 
vitamins D. 

The first article, by A. W. Johnson and Sir Alex- 
ander Todd on the ‘Chemistry of Vitamin B,,”’, 
includes not only an account of the research on the 
isolation, structure, and chemical and physical 
properties of the vitamin and of substances related 
to it, but also a discussion of the biosynthesis of 
vitamin B,, and related substances and the chemical 
determination thereof. ‘Total Syntheses of Caroten- 
oids”’ are discussed by O. Isler and P. Zeller in an 
article which is a masterly chemical condensation. 
The metabolic importance of carnitine, a subject 
reviewed by G. Fraenkel and 8, Friedman, which since 
1952 has been recognized as an insect growth factor, is 
still not clear, but the relevant information is ably 
surveyed. In “The Biological Synthesis of Chole- 
sterol’, Konrad Bloch considers a subject to which he 
himself has made most important contributions and 
which now lends itself to a chemically co-ordinated 
treatment. which is largely on research of 
the past ten years. With ‘Adrenaline and Noradrena- 
line’, J. H. Gaddum and M. Holzbauer deal with a 
subject in which interest is rapidly growing in 
many respects, not least with regard to the possible 
effects of the central nervous system, but the article 
concerns itself largely with the better known experi- 

‘mental jwork on this most interesting pair of sub- 
stances. R. C. de Bodo and N. Altszuler consider 
‘““The Metabolic Effects of Growth Hormone and Their 
Physiological Significance”, while “Steroids in Human 
Blood”? (R. Borth) deals with methods and with the 
interpretation of results in an orderly fashion. 
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Finally, in surveying the “Influence of Hormones 
Vitamins, and Other Dietary Factors upon the For, 
ation of Bone, Dentine, and Enamel”, J. T. Tpv;,. 
has brought together much information that woulj 
not be easily obtained otherwise withi covers 
of a single article. oe oS 
The editors aim at making this publication ; 

national in its authorship 
statements. In this volume they have clearly achieve) 
both these aims. F. G. Youre 


VOL. 183 


J. L. W. THUDICHUM 


Thudichum 
Chemist of the Brain. By Prof. David L. Drabkin 
Pp. 309. (Philadelphia, Pa.: University of Pennsy). 
vania Press; London: Oxford University Pres, 
1958.) 40s. net. 
‘HUDICHUM, born in 1829 in Biidingen in 
the Grand Duchy of Hesse, studied medicine in 
Giessen, where he came under the influence of Liebig. 
Soon after graduating, he emigrated to Londo, 
probably for political reasons, and built up a successful 
medical practice. He was a very remarkable man of 
wide scientific and artistic interests and was possessed 
of an unfailing energy. He wrote on many medical 
and other subjects, ranging from books on the patho. 
logy of urine, the treatment of nasal polypi, and the 
origin, nature and variety of wine, to his master work, 
unacknowledged during his life-time, on the chemical 
constitution of the brain. 

Prof. D. L. Drabkin’s interest in Thudichum dates 
from 1924 when he worked on the urinary pigment 
urochrome, first so named by Thudichum. In the 
following thirty years he collected probably all the 
information available about Thudichum ; thus, whe 
invited to give four lectures on Thudichum in 1954, 
he set himself the task of finding the reasons for 
the lack of recognition of a man who is now generally 
acclaimed as one of the pioneers in the field of brain 
chemistry. The answer is not a simple one, The 
circumstances in which Thudichum carried out the 
greater part of his work, in a laboratory in his home, 
were highly unorthodox. The expenses were met from 
Government grants and later from the income of his 
lucrative practice. The results he obtained differed 
in important aspects from those of his contemporaries 
and he became involved in polemics which wer 
violent even by nineteenth century standards, thus 
making powerful enemies. His versatility and large 
literary output led to the quite unjust charge of 
dilettantism and, what was worse, the integrity of 
his work was doubted. This and other evidence 
eonvineed Prof. Drabkin of the existence of a con- 
spiracy against Thudichum. 

The three main chapters of the book : the man, his 
times and contemporaries, and his works, make 
interesting reading although the rather expansive 
style and the inclusion of not strictly relevant material 
may not be to everyone’s liking. The book, besides 
being liberally illustrated with “Thudichumians’, 
well documented with references, biographical datas, 
a bibliography, transcriptions of letters, ete. (# 
pages). Thus it gives a good deal of informatio 
for students of the early history of biochemistry # 
also contributes to the difficult problem of what 
constitutes a climate of opinion sufficiently recep 


to give recognition to the work of a pioneer. 
H. W. Koster. 
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FUSION OF HEAVY HYDROGEN* 


By Dr. T. E. ALLIBONE, F.R.S. 
Associated Electrical Industries, Ltd., Aldermaston 


‘(VENEVA’ has come and gone, leaving in its trail a 

huge mass of printed papers that will keep scien- 
tists occupied for a long time to come. The research on 
fusion of deuterium has been secret for eight years ; 
but now we can see the whole vista of thermonuclear 
research in many countries as revealed at Geneva in 
1958, and in @ short space I will try to present this 
vast subject as it might be seen if looked at down 
the wrong end of a telescope. The subject will not 
be dealt with chronologically, nor can all the investi- 
gators be mentioned by name in the space available. 

All we are trying to do is to heat deuterium or 
heavy hydrogen to a temperature of many million 
degrees and keep it at this temperature ; if one can 
do this the nuclei will, from time to time, coalesce or 
fuse together in several different ways, each reaction 
liberating much energy. Thus, two deuterium nuclei 
can form tritium and a proton ; or can form helium-3 
and a neutron. The tritium, fusi with deuterium, 
can form helium-4 and a neutron; the helium-3 and 
deuterium can form helium-4 and a proton. In all 
these reactions the released energy will be given to 
the two particles formed in the discharge, which will, 
in consequence, repel one another with high velocity. 
In total, as much energy would be released by the 
fusion of 1 gm. of hydrogen as would be released by 
the fission of 3-5 gm. of uranium, and by the burning 
of 10 tons of coal. In such a fusion reaction 40 per 
cent of all the energy released is given to neutrons 
and they would almost certainly escape from any 
vessel containing the hot gas; 60 per cent is given to 
the charged particles which might, or might not, escape 
according to the circumstances of the experiment. 

The deuterium — tritium reaction proceeds at a 
lower temperature than the deuterium — deuterium 
reaction, but, though there is plenty of deuterium in 
the ocean, tritium does not exist in Nature, and is 
made in an atomic fission reactor. Actually, the 
neutrons escaping from a deuterium — deuterium or 
deuterium — tritium reaction could be absorbed in a 
blanket of beryllium, which dissociates to yield two 
neutrons for every neutron absorbed, and these in 
turn could be absorbed in lithium, which then dis- 
sociates to tritium, so there is a chance of breeding 
more tritium than is consumed in the fusion reaction. 
In the long run, therefore, the fusion reactor of the 
future may operate on the deuterium — tritium 
reaction. 

A hot gas, like any other hot body, can lose heat 
y radiation, by conduction, and by convection ; so 
ihe achievement of a given temperature is set by 

balance between the rate of loss of energy by 
a three processes and the rate of gain of energy, 
ther from an external source or from the release of 
poral energy when the deuterium atoms fuse 
we er. Fortunately, the rate of release of energy 
rises extremely rapidly with temperature ; 
106 example, if the temperature is increased from 
= 10° degrees the rate of fusion increases by 109, 
a further rise of temperature to 10°* degrees 
hereases the rise of fusion by a further 104, whereas 


substance of a Friday Evening Discourse delivered at the Ro 
Institution on December 12, 


the energy radiated by the gas only increases as the 
square root of the temperature. This is indeed for- 
tunate, because there is nothing we can do to stop 
energy being radiated from the gas. The other losses, 
convection and conduction, would occur if the hot 
gas actually came in contact with the walls of the 
containing vessel; but it is generally assumed that 
this must be prevented at all costs, since the gas 
temperature is so very high compared with the 
melting points of all metals that if the hot gas bom- 
barded the walls anywhere the walls would evaporate, 
and would introduce impurities into the gas. These 
impurities cannot be tolerated, for their presence in 
the gas would immediately lead to a rapid increase 
in the amount of heat radiated. It has been cal- 
culated that the break-even temperature of the 
reaction, that is, where the total energy released by 
fusion just exceeds the total energy fed into the 
discharge, is about a hundred million degrees, which 
is a few times hotter than the centre of the Sun and 
many thousand times hotter than the surface of the 
Sun. 

At these temperatures the atoms are colliding with 
one another with such high speed that all the elec- 
trons are knocked off the light elements. In the case 
of hydrogen (or deuterium) all atoms will be dis- 
sociated, there will be as many electrons as there are 
hydrogen nuclei and we call this mixture a plasma. 
It is electrically neutral, being made up of an equal 
number of opposite charges. If the plasma is in a 
magnetic field the charged particles can move freely 
down a magnetic line of force ; but if they have any 
component of velocity perpendicular to the magnetic 
field they will describe circles around the lines of 
force, or spirals if they are drifting down the line. 
Positive nuclei having a larger mass than electrons 
will describe larger orbits than electrons having the 
Same energy. 

The method used by nearly all investigators to 
keep the hot gas from touching the walls of the 
vessel depends on the force exerted by the self- 
magnetic field of a current, and this force will cause 
the current to pinch away from the walls of the 
vessel until the inward force is balanced by the out- 
ward pressure of the gas. The first recorded photo- 
graph of a discharge pinched due to its own magnetic 
field is due to Ware and Cousins. A current of many 
thousands of amperes was discharged through a 
gas in a toroidal vessel, and in a few microseconds - 
the discharge had pinched to a small diameter, and 
having contracted beyond its equilibrium it ‘bounced’ 
out again and contracted and expanded several 
times, thus exhibiting a form of instability. When 
the current was maintained for some hundreds of 
microseconds, the discharge already pinched to a 
narrow diameter moved rapidly about in the discharge 
vessel—we speak of this as ‘wriggling’—-striking the 
walls, and with currents of 10° amperes severe 
volatilization of the metal walls of a large torus 
vessel occurred. 

The explanation of these instabilities is not hard 
to follow in general terms; in the case of ‘pinch 


instability’ any geometrical irregularity of the vessel 
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can cause a slightly higher localized self-magnetic field 
which, acting on the current in the discharge, will 
compress the gas more than elsewhere, and so a 
localized pinch will develop ; in the case of ‘wriggle 
instability’ any slight departure from a perfectly 
linear discharge will cause a bunching of the lines of 
force on the inner radius ef any small bulge so 
formed and force the discharge to bulge farther off 
the axis. 

A few years ago investigators in several labor- 
atories detected bursts of neutrons emitted for 
fractions of a usec. and naturally suspected that they 
had achieved very high temperatures ; but all of them 
ultimately found that the neutrons arose from the 
collisions of a few deuterium ions endowed with far 
more energy than the mean energy of the gas, and 
proved that the very act of over-pinching at localized 
points created high local electric fields across which 
a few ions were accelerated to high energy and that 
these fast ions were responsible for the deuterium— 
deuterium reactions. 

Theory indicated that if a constant magnetic field 
were set up in the discharge vessel parallel to the 
axis of the discharge then the lines of force of this 
field would, in a sense, stiffen the discharge and 
prevent in some circumstances both the pinch 
instability and the wriggle instability. A succession 
of photographs, each lasting a half usec., were taken 
of a discharge in a cylindrical vessel, the records 
being made every half ysec. In the absence of an 
applied axial magnetic field the discharge was 
observed to pinch rapidly, but in 4 usec. it became 
unstable and lashed about in the vessel. As the 
value of the magnetic field was increased, the rate of 
contraction of the pinch was reduced ; but the onset 
of wriggle instability was postponed. Without the 
field neutrons were observed at the moments of 
minimum contraction, but as the field was increased 
the number of neutrons detected diminished. Pre- 
sumably the spurious accelerating mechanisms which 
previously produced neutrons do not operate in a 
relatively stable gas cohimn. 

Straight discharge tubes will ultimately suffer from 
the fact that they must have electrodes at each end, 
and therefore after some psec. of operation the gas 
discharge will heat these electrodes and evaporate 
them to some degree and so introduce impurity 
atoms into the gas. Nevertheless, many investigators 
in several countries are still building new apparatus 
having this simple cylindrical geometry, in order to 
study further how to stabilize a discharge to keep 
it from striking the walls. In one case, in order to 
minimize end effects, a new tube has been made 
20 ft. in length, 6 in. in diameter, and in this a new 
peculiar form of large-amplitude rotational instability 
has recently been found. In another recently con- 
structed straight tube the discharge is in the form of 
a hollow cylinder between annular electrodes at each 
end of the tube, but the return current passes up 
both an inner and an-outer copper cylinder (hence 
the name Triax for this tube). The return currents 
flowing in each metal cylinder produce two oppositely 
directed magnetic fields, in the space between which 
the gas is squeezed into a thin sheath which has 
most remarkably stable properties. 

' In Britain twelve years ago, when this kind of 
work was begun, the avoidance of end-electrode 
effects was regarded as imperative, so almost the 
whole of the development in Britain has centred on 
toroidal geometry. In early records of the discharge 
in glass toroidal vessels which we operated in Alder- 
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maston, the discharge was photographed with 
exposures of 1 usec. duration at various times up to 
400 usec. after initiation of the discharge. For many 
ysec. the discharge is pinched to a relatively stable 
narrow toroidal beam and then the sideways wriggles 
develop over the following few hundred psec. Tf g 
solenoidal winding is placed around the torus and 
current passed through it to create a strong field 
down the axis of the vessel, then the discharge js 
rendered much more stable by the field of the 
solenoid. It pinches away from the walls of the tube 
as the current rises in the gas and occupies the 
central region of the vessel for relatively long periods 
of time. When the discharge tube is very clean, the 
amount of light from the discharge is feeble ; but it 
is possible to take photographic records of the very 
highly ionized atoms of oxygen which are always 
present there as an impurity, oxygen atoms which 
have been stripped of four of their eight electrons. 
The distribution of the light intensity in spectrum 
lines of quadruply ionized oxygen atoms has been 
determined over the diameter of the torus, taking 
such records at different times from the beginning of 
the discharge, and it is found that the highly ionized 
oxygen atoms remain reasonably well centred on the 
axis of one of the torus tubes constructed in Alder. 
maston (Scepire III) for 600 usec. 

Neutrons have been produced in the past year in 
several toroidal vessels, in Zeta at Harwell and 
Sceptre at Aldermaston in England, in the appar. 
atus called Perhapsatron at Los Alamos, and in the 
copy of our apparatus built by the Russians in 1958. 
The first point of interest to note is that the durations 
of reasonably stable discharges in toroidal vessels 
have been far longer than in linear vessels, lasting 
up to, for example, several milliseconds, and neutrons 
are emitted through a large fraction of the whole 
current pulse. It is very natural to think, therefore, 


that as the violent motions of the discharge have . 


been prevented by the externally applied magnetic 
field the temperature of the gas might have risen 
to a high enough value for a true thermonuclear 
reaction to have occurred. We can get some idea of 
the temperature of the gas by examining one of the 
spectrum lines of highly ionized impurity oxygen gas 
in a high-resolution spectrograph and comparing it 
with a normal spectrum line of nearly the same 
wave-length emitted by some atoms. The oxygen 
line is found to be far broader, signifying that the 
atoms of oxygen in the vessel are approaching ot 
receding from the recording apparatus with high 
velocity—so-called ‘Doppler broadening’ of the 
spectrum line; from this an estimate of the tem- 
perature of the gas can be made. This comes out a 
several million degrees, and at this temperature we 
might expect a large number of deuterium collisions 
yielding neutrons and protons. If the gas is all at 
this temperature the neutrons and protons will be 
emitted equally in all directions and wiil have a 
energy of 3 MeV. ; if, however, most of the gas 1s at 
a lower temperature but a few of the deuterium 10m 
have, for some reason or other, a high velocity in the 
general direction of the discharge, then neutrons and 
protons emitted from fusion of these fast ions 

travel faster in the forward direction of the discharge 
than in the reverse direction. In Aldermaston we 


looked for protons coming out of the tube in twe } 
directions, at 30° and at 150°, to the direction of the 


positive-ion gas current. Those coming out m 


forward direction were found to have slightly mor 


energy than those coming out in the reverse 
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indicating that the centre of mass of the deuterium— 
deuterium ions which collide to yield the protons is 
moving in the direction of the ion current with a 

well in excess of the mean velocity. It there- 
fore looks as though the ion velocities are not truly 
randomized but that a few are going faster than 
expected, and therefore the reaction cannot be 
described as truly ‘thermonuclear’. All investigators 
working on toroidal discharges reported agreement 
on this point at Geneva. The really surprising 
feature of the measurements is that the temperature 
is as low as it is, for the amount of energy being fed 
into the discharge from the condensers is far higher 
than is necessary merely to heat the gas to a few 
million degrees, and we are seeking to explain how 
some of the energy is being lost. 

An entirely new concept for the containment of a 
gas at a temperature of millions of degrees is offered 
to us by scientists at the Livermore Laboratory, in 
California, the so-called ‘mirror machine’ principle. 
It will be recalled that a charged particle having a 
given velocity can travel along a magnetic field 
relatively easily but cannot travel across such a field 
in normal circumstances. If two strong magnetic 
fields are imposed locally at the ends of a straight 
discharge tube, the lines of force here are crowded 
together, and positive and negative ions travelling 
along the lines of force between the strong fields are 
trapped as though in the neck of a bottle and cannot 
easily escape, most of them being turned back on 
themselves ; it must be noted, however, that ions 
travelling exactly on the axis, and indeed just at a 
small angle to the axis, can escape from the ends of 
the ‘bottle’. As the strength of the mirror magnetic 
field is increased so the ions are turned back at an 
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earlier stage and thus are confined to a smaller 
volume. 

One difficult problem with mirror machines is 
associated with the injection of charged particles 


into the magnetic bottle; any particle injected 
through the end of the bottle on the axis will be 
turned around by the field at the far end of the 
bottle and emerge the same way that it went in. 
To avoid this emergence, it is necessary to c 
the magnetic field while the ion is still inside the 
bottle, that is to say, ions can be shot in and kept 
in only when the field is actually being increased ; 
and as the field is increased they will be compressed 
| into a smaller volume. Another way is to inject the 
beam from a source already inside the magnetic 
bottle, but again, if the field does not ehange after 
injection, the beam, in due course, after a number of 
Totations around the vessel, will strike the source ; 
this too can be avoided, -however, if the field is 
increased after injection of the ions. A very attractive 
feature of internal injection is that the beam can be 
initially injected with very high ion energy cor- 
responding to a temperature of thousands of millions 
of degrees. This energy it shares with other ions in 
the chamber, and the main role of magnetic com- 
Pression becomes one. of containing the ions, not of 
Mereasing their temperature. 

In the early research at Livermore on magnetic 
turrors four years ago, it was found that shock waves 
could be generated in the gas by applying a magnetic 
field which rose extremely rapidly to high values. 
Very recently, a group working in Los Alamos has 
extended this work and has produced extremely high 
temperatures by shock heating. When currents are 
suddenly passed through two adjacent short solenoids 
mounted on the same axis, large currents are induced 


NATURE 


571 


in the gas flowing in the opposite direction. The 
current in the coil repels the current in the gas, thus 
driving the ionized gas to the axis of the coil, and 
two shock waves are generated which will meet one 
another between the coils, giving a region of maximum 
compression. If, in addition, the magnetic field in 
each coil continues to rise, the gas between them will 
be further compressed. In the most recent work at 
Los Alamos the shock compression of the gas occurs 
within 0-2 psec. and maximum compression of the 
gas between the mirrors is reached in 1-5 usec. 
Neutrons have been emitted at the peak of the 
compression, so that it is thought that in this very 
short time the temperature of deuterium has been 
uniformly raised high enough to yield a true thermo- 
nuclear reaction. However, more work will be necess- 
ary to establish that this is so. 

In everything described so far, the duration of 
the experiment has been very short, from a usec. or 
two for the shock excitation, hundreds of psec. for 
the mirror compression machine, and a few msec. for 
the largest of the toroidal discharges, and it is not 
easy to see how such experiments could lead to useful 
thermonuclear power reactors. They are essentially 
steps along the way. One or two very recent develop- 
ments have been described which might in the long 
rur become the prototype of nuclear fusion power- 
producing reactors, because if successful they might 
be able to operate continuously. The first of these 
was developed at Oak Ridge in America, called the 
D.C.X. machine, and we learned at Geneva that 
the Russians had developed a slightly different 
version of this known as Ogra. 

Scientists in Oak Ridge have tackled the problem 
of supplying energy to the plasma of deuterium ions 
and electrons in a radial fashion. Instead of develop- 
ing a transient magnetic field rising rapidly to com- 
press and heat the ions, or, as in the Livermore mirror 
machines, to contain energetic ions injected into the 
machine at low magnetic field strengths, they believe 
that a steady-state device can be made to hold the 
plasma while energy is fed in electrically from outside. 
A ‘magnetic bottle’ of high intensity is set up in a 
cylindrical chamber to prevent any ions from escaping 
at its ends. Then into the chamber, at right angles 
to the lines of magnetic force, is directed a beam of 
singly charged molecules of deuterium accelerated to 
about 600,000 volts in a discharge tube. These ions 
have so much energy that there is no need.to give 
them more by magnetic compression when inside the 
bottle. They are deflected by the magnetic field into 
a circular orbit ; but after a short distance the beam 
is fired across a carbon are extending along the lines 
of magnetic force between two electrodes. As the 
deuterium molecule goes through the arc there is a 
very high probability that it will be split up intoa 
deuterium nucleus and a neutral atom of deuterium. 
The latter, being neutral, escapes; the deuterium 
nucleus, however, is deflected into circular orbit of 
smaller radius by the magnetic field, and continues 
to rotate in this orbit wholly within the vessel, 
ionizing residual gas by colliding with deuterium 
nuclei, the temperature of which is thus raised. If 
this process continued long enough and if losses could 
be kept down, then the temperature of the whole of 
the deuterium in the bottle would slowly rise until 
nuclear fusion begins. 

Russian scientists described the apparatus known 
as Ogra at Geneva—it seems to be a copy of 
D.C.X.—but they had not fallen upon the rather 
nice idea of using a carbon are to dissociate the 
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deuterium molecular ion. Instead, in this apparatus 
the molecule must be dissociated by chance collisions 
with deuterium atoms and, in consequence of this, 
the apparatus has to be much longer than the 
American D.C.X. machine to guarantee that the 
deuterium molecule is dissociated and does not escape. 

The American and Russian devices have not been 
working very long, and there are some obvious 
difficulties, the most important of which is a large 
loss of beam by what is known as the ‘charge 
exchange mechanism’. If the energetic deuterium 
ion collides with a neutral atom of gas and picks up 
an electron from it, thus becoming a neutral atom 
itself, it will no longer be confined by the magnetic 
field and it will carry out of the apparatus much of 
the energy with which it was originally endowed. 
To reduce this, the pressure in the vacuum chamber 
must be as low as possible, and the current in the 
positive ion beam must be as high as possible to 
make good whatever loss there is. Nevertheless, 
particles have been trapped by the magnetic field 
and held in the vessel for many msec., and there are 
great expectations that high temperatures will soon 
be reached in the gas. 

The second development which might become very 
important as a power producer also comes from 
America, the work of Prof. L. Spitzer and his team 
at Princeton, called the Stellarator. Several versions 
of this have been built in the past seven years, 
and at Geneva the plans for a very large version 
due to be completed in 1960 were described. Prof. 
Spitzer’s goal from the first has been to confine 
the plasma for a very long time. Clearly a straight 
tube is no good for this purpose because of end- 
effects already described. Even if we turn a straight 
tube into a torus and attempt to confine the plasma 
by a magnetic field around the torus we shall lose 
particles in the long run for a very important reason : 
the positive and negative ions will drift apart in 
opposite directions across a cross-section of the torus. 
This arises because the field of a solenoid wound on 
a torus is stronger on the inner side of the torus than 
on the outer, so an ion is deflected through a smaller 
radius in the region of higher field than in the weaker 
part of the field. If it is travelling down the torus 
its orbit is not, therefore, a closed spiral, but a slowly 
drifting spiral, drifting upwards for positive charges ; 
downwards for negative charges. Prof. Spitzer was 
able to correct this by twisting the torus into a figure 
of eight so that ions having drifted apart on one side 
drift back again on the other. Temperatures of a 
million degrees have been reached with the beam 
well confined for a long time by the Stellarator field. 
In later versions of this apparatus the twisting of 
the torus has been eliminated by applying a further 
set of windings over the torus to produce cusped 
fields which have the effect of cancelling out the drift 
motions of the ions. 

To reach higher temperatures a system of mag- 
netic pumping has been developed at Princeton ; it 
consists of a localized pulsating magnetic field driven 
at radio-frequency, compressing and expanding the 
plasma locally as the plasma is driven by an electric 
field through the pump. Such an alternate com- 
preset and expansion would produce no net gain of 

eat i the gas if it were not for a phase-lag which 
occurs between the increase in density of the gas and 
the increase of temperature. A full theory of this 
complex problem has been developed to determine 
the correct frequency at which to pump ; but experi- 
ments have not yet verified this theory. 
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The final point of importance to make about the 
Stellarator is that it incorporates a neat way of ye. 
moving impurities from the vessel; this is prob. 
ably essential if the gas is to reach very high tem. 
peratures. The device consists of a localized magnetic 
field of complex shape which strongly influences the 
lines of force at the edge of the torus, bending them 
outwards, but does not influence those in the central 
region. Heavy impurity ions leaving the walls of the 
vessel will, on the first time around the torus, be 
defiected and trapped in this ‘diverter’ field ; whereas 
the hydrogen ions and electrons in the central regions 
of the torus will be uninfluenced and will not be lost 
to the diverter. 

Finally, there is yet another device which shows 
great ingenuity and promise, the so-called ‘homopolar 
plasma accelerator’. In this a magnetic field is 
directed parallel to the axis of a flat annular plate of 
ionized gas and is shaped to give mirror geometry to 
keep the plasma from escaping out of the annular 
space at the ‘edge’ of the plate. Between a cylindrical 
electrode on the inside of the annular plate and a 
cylindrical electrode on the outside of the plate is 
established an electrical field which, in the absence 
of the magnetic field, would cause current to flow 
radially outwards through the plate from cylinder to 
cylinder. But because of the magnetic field the 
plasma is forced to move at right angles to the 
electric and magnetic field; the plate therefore 
rotates like a flywheel about the central axis of the 
device, and the energy given to the flywheel ultimately 
appears as heat in the gas due to turbulent mixing 
within the flywheel. Containment times have been 
very satisfactory and fairly high temperatures have 
been recorded, but the device is a very recent develop- 
ment and much remains to be learnt about the 
physics of such rotating plasmas. 

I seem to have listed a great many approaches to 
the same ultimate goal. Now that the cloak of 
secrecy has been removed, we see that in the United 
States and the U.S.S.R. a far greater effort has been 
put into this problem than in Great Britain. We 
know that in neither of those countries is there a 
shortage of fuel, nor need for speed of development 
of a fusion reactor—nor is there real justification for 
speed in Britain in the same sense that the fission 
development had to proceed to help solve our fuel 
problem. In Britain we have pursued almost only 
the toroidal approach. This does not necessarily 
mean that we have backed a ‘wrong horse’ ; we have 
only backed one horse. The Russian scientist, 
Artsimovich, summed up the situation as he sees it 
in the U.S.S.R., where many different kinds of 
experiments are in pro “So far not a single 
one of the ideas regarding controlled fusion reaction 
is decisively superior to any other, and _ therefore 
investigations in the near future must be carried out 
in many diverse directions’’. 

Edward Teller’s opinion is that it will be several 
more years before a machine can be constructed that 
produces more energy than it actually consumes. I 
should say it will be a year or two at least before 
we even see how to construct such a machine, 
knowing that it will work when constructed, for we 
have not yet reached containment for times long 
enough, nor have we devised systems which keep 
clean long enough, nor do we yet understand the 
way by which some of the energy is lost. In fat, 
at this moment we really have no justification for 
believing that the ultimate problem will be solved ; 
it might be that we shall never achieve satisfactory 
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containment ; it might be that the radiated power 
will be of such surface density that evaporation of 
impurities from the walls will beat us; it might be 
that the reaction will have such a positive tem- 
perature coefficient that it will go off with explosive 
violence ; all we can say at present is that we now 
have a fair measure of the difficulties, and with 
incurable optimism we believe we should spend 
money on the research because we have an inner 
conviction of suecess which will come in time. 
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Edward Teller and Artsimovich also mentioned the 
use of thermonuclear explosions to achieve peaceful 
objectives, such as rock crushing, mining, and huge 
earth-moving jobs. The fuel is extremely cheap 
compared with conventional fuel, and radioactive 
contamination from the thermonuclear explosion is 
small. It is the smallness of radioactive contamination 
that makes the fusion reaction so attractive compared 
with the fission reaction, as the ultimate source of 
power for the world. 


PROPULSION BY IONS AND IONIZED PLASMAS 
By Dr. A. von ENGEL 


Visiting Professor of Physics, University of Oklahoma, Norman, Oklahoma 


ECENTLY a concerted effort has been made in 

the United States to look for new types of fuel 
for the propulsion of rockets and space vehicles of 
various kinds. From papers given at a conference at 
the University of Maryland in October 1958, held 
under the auspices of the U.S.A.F. Air Research and 
Development Command, and from other com- 
munications, it appears now feasible to use other 
than the usual sources of chemical energy (com- 
bustion). More powerful fuels include free radicals, 
ions and plasmas. More than a hundred research 
projects are directly or indirectly connected with a 
study of this problem. Most of the work is done in 
universities, industrial and research corporations in 
the United States, some in Great Britain and in 
Germany. The results can be applied to military 
purposes, to pure research and to transport of mail 
and goods. Besides inter-continental postal service, 
it is thought to be of interest for the supply of the 
future space platforms. 

As to the unorthodox type of chemical fuels, free 
radicals and atoms or molecules in a higher state of 
electronic excitation and dissociated molecular gases 
are being explored. The difficulty to be overcome 
is to obtain sufficiently large concentrations and 
amounts of the substances, and to prevent a release 
of their potential energy by reaction with the walls 
of the container, or corrosion during storage. Though 
some progress has been made, for example, in reducing 
the rate of association of atoms by freezing them 
into @ solid matrix’, it is not possible yet to make 
practical use of dissociated gases for propulsion. 

An important parameter in rocket design is the 
thrust, /, per unit terrestrial weight of fuel expended 
i unit time, W, called the specific impulse J, (in 
sec.). Numerical considerations show that J, is 
lowest in the case of propulsion by an effluent com- 
pressed gas. For a gas of molecular weight M 
®scaping through a nozzle with the velocity v, we 
have I, = f/W = (RT/M)/(gv). For air at room 
temperature flowing with molecular velocity, I, is 
less than or equal to 100 sec. The conventional 
chemical reactions give values of I, larger by about 
a factor 4 or so. 

_ To obtain a large thrust acting on vehicles travel- 
with constant speed, both the rate of fuel 
Teed and the exhaust velocity must be large. 

U8 positive ions have been suggested as fuels, 
since it is relatively easy to accelerate them to a 
speed of v; = 10¢ em./sec. and more. Here I, = vj;/g 
and is of the order 10*-10' sec. For thrusts of 


10® dynes, dm/dt becomes 10 gm./sec., and with 
heavy ions this would correspond to emission currents 
of 10° amp., which is beyond practical limits even 
during short periods. However, for controlled space 
vehicles 100—-1,000 amp. lasting several years would 
be sufficient. The corresponding small thrusts would 
be convenient in navigation* (‘astronautical attitude 
control’). Currents of that order could conceivably 
be drawn from cxsium-tungsten, or cesium-—tan- 
talum, where cesium atoms diffuse through the 
porous metal kept at about 1,100° K. into a vacuum. 
The cesium atoms are thereby ionized, because the 
work function of tungsten or tantalum is larger than 
the ionization potential of cesium. Present experi- 
ments give currents much less than the values quoted 
above. The size of the pores must be chosen so as 
to prevent unnecessary evaporation of neutral 
cesium atoms. Erosion of the cathode by the fast 
cesium ions can be reduced by careful design of the 
geometry of the electrode. In order to avoid electro- 
static drag, the ion exhaust charge is to be neutralized 
by feeding electrons into it. Other sources of ions use 
hydrogen ions emitted from a heated palladium foil 
through which hydrogen is passed, and alkali ions by 
electrolysis through glass membranes’. 

Another means of propelling vehicles is to apply a 
mechanical pulse to the body to be driven by passing 
a current pulse through it while a magnetic field 
perpendicular to the current is established by the 
same current or separately. This is the principle of 
the electromagnetic gun, one of the ever-recurring 
war-time inventions. The limitations are obvious : 
a 50-gm. bullet of 4 cm. diameter fired with an 
initial velocity of 10* cm./sec. would require a charge 
of 10% coulombs in a field of 104 gauss. However, 
though the chances of success are slim, an investi- 
gation has been made of an accelerator firing pro- 
jectiles of several hundred grams at 10 cm./sec. The 
accelerator is 10 m. long and has a single-layer 
winding along which slides a closely-fitting metal 
projectile. By means of precision switching, one 
turn of the winding after the other is made to carry 
the current; the switching is so timed that the 
electromagnetic impulse travels with the same speed 
as the projectile*. 

Instead of the metal projectile, a highly ionized 
gas may be used to obtain higher velocities, and 
several solutions have been envisaged which should 
give specific impulses of J, equal to or greater than 
103 sec. One method is to generate an are discharge 
plasma in the form of a closed ring co-axial with a 
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helical delay line. The plasma is accelerated by the 
radial component of the magnetic field of the helix 
while the are current is maintained by the electro- 
motive force caused by the difference between the 
velocity of propagation of the current in the helix 
and that of the are plasma‘. Another arrangement 
uses a number of discontinuous arc discharges in a 
uniform stationary magnetic field, whereby the plasma 
flames are led through an exhaust tube into the space’. 

An experimental study has been reported® recently 
which is another version of the shock tube’, where 
the plasma itself represents the accelerated mass. 
An electromagnetically controlled valve admits a 
small amount of gas to an evacuated system. The 
gas is first feebly and afterwards fully ionized by a 
rapidly varying magnetic field. The plasma of the 
ring discharge formed is at the same time compressed 
radially and the shock wave so produced enters a 
tube inserted in a solenoid which is loaded with 
capacitors. This delay line acts as a magnetic piston 
which drives the plasma through the tube. The linear 
momentum of the plasma has been measured both 
by a capacitor microphone and a ballistic pendulum. 
Plasma speeds of 5 x 10% cm./sec. equal to the speed 
of the magnetic piston have been recorded with 
deuterium, and impulses of 80 gm. cm./sec. observed 
for single pulses. About one-fifth of the impulse is 
due to the neutral gas admitted. 

A large number of investigations deal with the 
production and application of electric plasmas. 

Exploding metal wires at low gas pressure have 
been studied*, and with ion densities of about 
10**/em.* and current densities of 104 amp./em.? 
plasma accelerations up to 10'* cm./sec.* are found. 
Plasma jets in helium using continuous electric arcs 
produce electrode and wall erosion which prevent 
their use when higher impulses are needed. These 
difficulties can be circumvented by using high- 
frequency electrodeless discharges induced by dis- 
charging a capacitor through a coil. The shock wave 
which ensues can be guided along the centre of the 
tube by axially symmetrical magnetic fields®. 

The design of electrodes and nozzles for the 
injection of the hot ionized plasma jet has been 
studied extensively. Such heads seem to work 
theoretically at pressures of 2,000 lb./sq. in. and 
power densities at the throat of the nozzle! of 
5,000 kW./cm.?. 

Another problem which seems to be important in 
connexion with the plasma jet is the electric break- 
down in a turbulent moving gas with the associated 

pressure and density gradients. Studies using 
Kerr cells in the millimicrosecond range and photo- 
graphic measurements with a high-speed rotating 
mirror camera are being carried out". 

Theoretical work is also being done to test whether 
the concept of magnetic pressure can be applied to 
all magnetohydrodynamic problems". 

Plasma studies for propulsion and other applica- 
tions may benefit from the work with transient 
magnetic fields'* in the range 10°-10* gauss. Coils 
with force-free windings have been operated which 
ean stand the mechanical foree components resulting 
from a slight unbalance, and it appears that this 
new tool may have a profound effect on atomic and 
nuclear research. 

Studies of charge neutralization in plasmas have 
been made which show that the high values of 
recombination coefficients for electrons and positive 
molecular helium ions reported earlier (10-7—10-* 
em.*/sec.) seem to be erroneous. The neutralization 
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processes have to be interpreted by including the 
formation of excited particles". 

Measurements of the velocity of high-current are 
flames in the pressure-range 760-20 mm. mercury 
have been carried out using carbon electrodes. The 
interaction of the tail flame with the magnetic field 
is already apparent in moderate fields. Since jt 
depends upon the field gradient rather than the field 
it is concluded that the electric dipole distribution 
in the flame is the cause of the interaction forces", 

At low gas temperature, electric direct current or 
high-frequency discharges at various pressures in air 
have been used to produce supersonic jet exhaustion 
into a chamber kept at low pressure™®. Measurements 
of the ion concentration as a function of the input 
energy show that about half the energy is used to 
dissociate the gas. Shock-free streams were obtained 
and it is hoped to increase the speeds up to Mach 
number 5. 

High-speed flows have been obtained in the low- 
pressure wind-tunnel by ionizing the gas with high 
frequency at the exit of the nozzle. This method of 
heating the plasma avoids obstruction of the flow and 
contamination of the gas. With 1 kW. high-frequency 
supply, about 130 watts have been transferred to the 
gas, which was heated from room temperature to 
1,000° C., and Mach numbers up to 3-5 were obtained. 
It is thought that in nitrogen the electrons recom- 
bine with the positive ions to give excited atoms 
with the release of kinetic energy and that afterwards 
the excited nitrogen atoms combine with atoms in 
the ground-state again, releasing kinetic energy. 
Both stages are accompanied by emission of quanta", 

The heat transfer from an ionized gas to the walls 
has been investigated experimentally with a plasma 
jet of about 2 cm. diameter at subsonic speeds. The 
walls act as a calorimeter, and an essentially axial 
magnetic field is produced by a variety of coils, so 
that the magnitude and structure of the fields can 
be varied'* within wide limits up to 3 x 10* gauss. 

The velocity of space vehicles is expected to be so 
large that considerable ionization will be produced in 
the rarefied gas through which they move. It has 
been suggested that the hot ionized gas may be 
guided through a magnetic field, and power drawn 
from the Hall current for anciliary equipment instead 
of using a conventional electric generator and other 
moving parts?. 

Other principles of propulsion have been suggested, 
such as fusion and light-pressure, and in both cases 
high specific impulses are theoretically expected. 
For example, for photons one finds I, = c/g, which 
is of the order 10’ sec. 
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CANADIAN CASIUM-BEAM STANDARD OF FREQUENCY 


By S. N. KALRA, R. BAILEY and H. DAAMS 
Division of Applied Physics, National Research Council, Ottawa, Canada 


CASSIUM-BEAM frequency resonator has 
recently been completed in these laboratories'. 
It is similar in principle to the one reported earlier by 
Essen and Parry® but differs in methods employed for 
the synthesis and measurement of frequency, and 
in the detailed design of the atomic-beam apparatus. 
The potentialities of this technique have already been 
shown by the measurement of the frequency of the 
Essen—Parry resonator in terms of Universal Time 2 
(ref. 3) and Ephemeris Time (ref. 4). The independent 
development of the resonator described here was 
undertaken in view of the importance of this technique 
in defining the frequency and a time interval. In this 
resonator, as in the one of Essen and Parry, the fre- 
quency of the transition F =4, mp=0«—>F =3, mp=0 
in cesium-133 is measured by the use of the Ramsey 
technique® in an atomic-beam apparatus. 
The transition region in this atomic-beam appar- 
atus is 80 cm. long and the distance between the 
source and the detector is 210-5 cm. A beam height 


of 12-5 mm. and a beam width of 0:25 mm. at the 
source are used. The focusing magnets are each 20-3 
em. long with a pole gap of 7 mm. giving a field 
strength of 5,000 oersteds and a gradient of 5,000 
oersteds per cm. The stray field from the focusing 
magnets is reduced almost to zero, by means of mag- 
netic shields. The detector consists of a surface 
ionizer and an ion collector. A continuously pumped 
vacuum system is used and the operating pressure is 
usually less than 1 x 10-§ mm. of mercury. A 
cancellation of the Earth’s magnetic field is obtained 
by means of two pairs of Helmholtz coils. One of 
these pairs also provides the operating C field. Fig. 1 
shows a general view of the atomic beam apparatus. 

The electromagnetic energy required for the 
resonance transition is obtained from a frequency 
synthesizer using vacuum pentodes, tetrodes and 
triodes with a final stage using a silicon diode as a 
frequency tripler. The driving signal for the syn- 
thesizer is obtained from a quartz-crystal oscillator 


Fig. 1. Atomic-beam apparatus used in cesium-133 frequency resonator standard 
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at 5 Mc./s. (nominal frequency) which can be varied 
continuously to sweep over the resonance line. A 
small portion of the energy being supplied to the 
atomic-beam apparatus is taken off by means of a 
directional coupler and fed to a balanced microwave 
mixer. This mixer is also fed with the 90,000th 
harmonic of one of the reference quartz-crystal 
oscillators® at 100 ke./s. The resulting beat note is at 
192-6 Mc./s. A second beat is obtained between the 
first beat signal and the 2,000th harmonic of the 
reference oscillator, thus giving a signal at 7-4 Mc./s. 
This frequency is then measured by means of an 
electronic frequency counter. Fig. 2 shows a block 
diagram of the frequency-measuring chain described 
above. Great care has to be taken in keeping down 
the level of noise because of the high order of frequency 
multiplication involved. It is possible to make 
measurements of frequency to an accuracy of + 1 c¢./s. 
or +1: 10' within 10 sec., which is nearly the 
limiting accuracy set by the quartz-crystal oscillators. 

The source of cesium atoms is an oven containing 
a mixture of cesium chloride and sodium metal and 
heated to 200° C. The full width (at half intensity) 
of the resonance transition is measured to be 230 c./s., 
which is the expected value under the experimental 
conditions of the beam temperature and the length 
of the transition region. The frequency of the reson- 
ance transition is determined by measuring the 
frequency at points of equal amplitude on both sides 
of the resonance. A magnetic field or C field of 
0-04-0-07 oersted is used such that a correction of 
the frequency of 1-2 ¢./s. is needed to obtain the 
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Fig. 3. Ratio of the frequency of the cxsium-133 resonance 

transition and reference oscillator AP. The ordinate expresses 

the ratio, or the frequency of cesium-133 resonance under the 

assumption that the — oscillator has the exact nominal 
requency 


frequency of the zero-field transition. This correction 
is determined and applied for each observation. The 
sensitivity of the measurements is about + 1 c./s. or 
1: 10° and the sum of the systematic errors is less 
than 10 + 10 c¢./s. 

The ratio of the frequencies of the cesium-133 
(4,0 <> 3,0) transition and the reference oscillator 
AP (100 ke./s. nominal frequency) is shown in Fig. 3 
for a period of three months. It should be emphasized 
that the ordinate in Fig. 3 does not represent the 
frequency of the cesium resonator in cycles per 
second, but is simply a ratio determined in the course 
of measurement of the frequency of one of the 
reference quartz-crystal oscillators against the cesium 
resonator. The second of Universal Time 2 as tenta- 
tively determined for September 1958 by the Domin- 
ion Observatory, Ottawa, gives 9 192 631 935 + 
50 ¢./s. as the frequency for the czsium transition 
F =4,mp = 0<—> F = 3, mp = 0 at zero field. This 
value is subject to revision as the unit of time is 
revised. The magnitude of the uncertainty is 
governed mainly by the accuracy of the determination 
of the second. 
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Mr. F. R, Petherbridge 


FREDERICK ROBERT PETHERBRIDGE died on August 
15, 1958, at the age of seventy after a long illness. 
Before his retirement in 1946 he was widely known 
and respected in agricultural circles for his work in 
applied entomology. When first appointed as 
advisory biologist, under the Ministry of Agriculture 
and Fisheries, he was expected to advise single-handed 
on pests and diseases of field and fruit crops through- 
out the Eastern Advisory Province and also to under- 
take seed testing. Later, after the appointment of 
Dr. W. A. R. Dillon Weston as mycologist, Pether- 


bridge devoted his time entirely to pests. Together 
they were able to win the confidence of East Anglian 
farmers and to enhance the reputation of the School 
of Agriculture, Cambridge, both provincially and 
nationally as a source of advice on pests and diseases. 
Robert Petherbridge was born, the son of a fruit 
dealer, on March 9, 1888, in Allerford, Somerset, and 
was educated at West Somerset County School and 
Sidney Sussex College, Cambridge. He obtail 
first-class honours in the Natural Science Tripos 
Part I in 1909, and took the diploma in agriculture 
in 1910. Though lacking inches he was a very 
association football player, but it was his keen m1! 
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inrugby that most of us will remember, and especially 
his regular attendance at the Oxford—Cambridge 
match. 

After a short period at Rothamsted Experimental 
Station, where he was contemporary with Sir John 
Russell and the late Tom Goodey, he returned to the 
University School of Agriculture, Cambridge, in 1912, 
as advisory biologist, continuing in that post until 
1946. Being a member of the advisory staff, Pether- 
bridge played only a minor part in formal teaching in 
the School of Agriculture, but his wide experience 
and his genial influence was exercised in the super- 
vision of students and the training of research workers, 
many of whom now hold important posts. His 
approach to research was essentially practical, and 
many students fresh from academic training had 
cause to be very grateful to him for a thorough 
grounding in field-work. 
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A good deal of Petherbridge’s early work was done | 


on fruit in the Histon-Cottenham and Wisbech areas 
and later in Essex. He was able to identify at a 
glance all common varieties of fruit, and the advice 
he gave was always based on sound practical and 
economic considerations. But though fruit pests 
claimed much of his time he was also a pioneer in 
many other aspects of pest control, particularly those 
of arable Fenland crops. The onset of the Second 


World War and the vigorous policy of ploughing up 
grass led to the setting up of a wireworm team which, 
besides advising farmers, undertook research on 
factovs affecting population-levels. 

Petherbridge began an association with the Com- 
mittee for Sugar Beet Research in 1934 and initiated 
work on sugar beet pests. In a determined effort to 


avoid the difficulties from beet eelworm which had 
plagued the Continental beet sugar industry, he 
proposed legislation to regulate frequency of cropping 
in the important Fenland area. This proposal was 
accepted and formed the basis of the Sugar Beet 
Eelworm Order, still in force. Another interesting 
proposal, which was not accepted, was the eradication 
of the spindle tree, the winter host of the black 
bean aphid and a scourge to beet seed and root crops. 
Petherbridge’s dynamic personality always claimed 
serious attention at the conference table and at 
meetings ot applied biologists everywhere. He fought 
enthusiastically and successfully for raising the salary 
and the status of the adviser and particularly that of 
his assistants and of junior entomologists elsewhere in 
the service. He abhorred red tape and he was very 
disappointed when the old advisory service was 
dissolved and the National Agricultural Advisory 
Service was formed in 1946 ; all members of the team 
that he had gathered together left the Service at this 
juncture and he himself retired early. For some 
years he maintained his interests in association with 
Pest Control, Ltd., and continued to serve as consul- 
tant entomologist to the Royal Agricultural Society 
of England—a post he took over from the late Cecil 
Warburton. F. G. W. Jonzs 


Dr. F. A. Burchardt 


_ Dr. F. A. Burcnarpt, who died on December 21 
in Oxford at the early age of fifty-six, was acknow- 
to be one of the most perceptive and vigorous 
yay of his time. His work at the Universities 
o' Kiel and Frankfurt had, nearly thirty years ago, 
ty established his reputation as a theoretician ; 

t his intellectual and personal integrity was enough 
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to ensure his dismissal as soon as the Nazis took 
power. For two tense years he worked as economic 
and financial editor of the Frankfurter Zeitung— 
until this last foothold became untenable. He arrived 
in Oxford in 1935 with a small research grant from 
All Souls College. He now had simultaneously to adapt 
himself to a new academic climate, to master the 
difficulties of teaching and lecturing in a strange 
language, and to build a fresh background for his 
young family. 

Burchardt turned his mind to statistics and 
applied economics: indeed, he did much to establish 
empirical economic research in Oxford. He joined 
the staff of the Institute of Statistics, eventually 
becoming its director in 1949. He had been elected a 
Fellow of Magdalen College the year before, and in 
1950 was appointed reader in economic and social 
statistics in the University. During 1952 he went to 
Stanford University as visiting professor; in the 
same year he became a governor of the National 
Institute for Economic and Social Research ; in 1954 
he was elected a member of the International Statis- 
tical Institute and a Faculty Fellow of Nuffield 
College ; he reported for the European Productivity 
Agency in 1955, and worked in the Economic Com- 
mission for Europe during 1956-57. His help was 
welcomed in many other fields—among them that of 
adult education both in Britain and in Germany. 

He had an immense capacity for work, and com- 
bined his many activities with devoted service to the 
Institute of Statistics, his College, and the University. 
An unfeigned interest in other people’s views, a 
startlingly quick perception of what they were trying 
to say, and a faculty—almost an instinet—for distin- 
guishing truth from mere plausibility made him an 
outstanding teacher. At the Institute, he inaugurated 
many pioneering projects in applied economics. 
Although he provided an unfailing stimulus to his 
colleagues, never grudging them detailed criticism, 
he never took credit and always encouraged them to 
claim, and to achieve, their independence. Those 
who knew him will always remember his intellectual 
vitality, his ready humour, and his utter unselfishness. 

K. G. J. C. 


The Hon. Mrs. Ursula Grant Duff 


THE Hon. Ursula Grant Duff, widow of Lieut.-Col. 
Adrian Grant Duff (killed in action in 1914), died on 
January 15, a few days before her seventy-fourth 
birthday, and was buried at High Elms, Farnborough, 
Kent. Her father was Sir John Lubbock (later Lord 
Avebury) ; her maternal grandfather was the pioneer 
archeologist, General Pitt-Rivers; and at High 
Elms, where Charles Darwin was a neighbour, she 
grew up in one of the liveliest centres of intellectual 
ferment in England. 

Many sorrows followed the death of her father in 
1913, but she continued the High Elms tradition at 
her Chelsea home with infectious gaiety and un- 
assuming devotion to the improvement of personal, 
intergroup and international relations. The leading 
figures of the biological and social sciences were 
among her frequent guests, but there were always 
younger workers and representatives of other dis- 
ciplines to meet them. Her relations with Nature 
and its contributors were particularly close. 

Her own interests ranged from liberal rationalism 
and the rights of women to eugenics and constructive 
forestry ; but all were linked in her mind as ways to 
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the good life, and all arose from the scientific attitude 
in which she had been bred. Unfortunately, she could 
attempt no major synthesis, though she wrote and 
lectured on these questions with judgment, wit and 
uncompromising humanism. 
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She also did much to perpetuate her father’s 
reputation, notably by her excellent posium on 
“The Life and Work of Lord Avebury”’ (1924) ; and 
she has added to it the esteem in which she was 
widely held. CEpRIC Dover 


NEWS and VIEWS 


Forestry at Oxford: Sir Harry Champion, C.I.E. 


THE retirement of Sir Harry Champion as pro- 
fessor of forestry at Oxford and the consequent 
appointment of Mr. M. V. Laurie serve to mark a 
notable period of development. Sir Harry succeeded 
in 1940, on the death of Prof. R. 8. Troup, and at a 
time when changes in India, counterbalanced by the 
rising importance of forestry in the Colonies, necessi- 
tated re-organization and development: the increasing 
need for research was also being realized. It has 
been Sir Harry’s main achievement to orgenize and 
carry through successfully the changes thus required. 
Outstanding points have been the change of forestry 
to an Honours School; the increasing development 
of postgraduate work; the occupation of the new 
building in 1950; and the necessary enlargement of 
staff and work. Sir Harry’s wide experience and 


energy will be much missed and all hope that they will 
find further fruitful occupation. 
Prof. M. V. Laurie 


Str Harry was central silviculturist at Dehra 


Dun, India, before going to Oxford, and Mr. M. V. 


Laurie followed him there in that post. Now he is 
again following him, this time at Oxford. Mr. Laurie 
‘was born in 1901 and trained at Cambridge. He retired 
from the Indian Service in 1946 and became chief 
research officer in the Forestry Commission. He 
comes thus with the experience in both tropical and 
temperate forestry which is desirable at Oxford. 
The prospects of the present time indicate that 
change and development will still be necessary in 
forestry, and he will receive all good wishes for his 


future work. 


Organic Chemistry at Perth, Australia : 
Prof. D. E, White 


Dr. D. E. Waurre has been appointed to the 
recently established chair of organic chemistry in the 
University of Western Australia, Perth. Prof. White 

uated from the University of Sydney in 1930 
with first-class honours in organic chemistry, and 
later obtained the D.Phil. (Oxon.) for his work with 
Sir Robert Robinson during 1934-36. After experi- 
ence with I.C.I. (General Chemicals), Ltd., at Widnes, 
Lancs, as tutor at St. Andrew’s College, Sydney, and 
biochemist in the School of Public Health and 
Tropical Medicine in Sydney, he was appointed lec- 
turer in organic chemistry in the University of 
Melbourne in 1940 and senior lecturer in charge of 
organic chemistry in the University of Western 
Australia in 1943. From the time of his arrival in 
Western Australia he has taken advantage of the 
existence of a unique natural flora, and has devoted 
his research interests to the organic chemistry of 
plant products. 

White has been associated with the identification 
of ‘callitrol’ as citronellic acid, the elucidation of the 
structure of ravenelin, the synthesis of myristicin, a 


survey of Australian anthocyanins and the identj- 
fication of genistein as the major cestrogen in sub. 
terranean clover. In recent years he has been working 
on the structures of sesquiterpene, diterpene and 
triterpene compounds isolated from Western Aus- 
tralian plants and has built up an active and well- 
equipped research school now: numbering about 
twelve honours and Ph.D. students. In addition to 
his research activities, White has taken a keen 
interest in both undergraduate teaching and in extra. 
mural activities. He was president of the Royal 
Society of Western Australia during 1955-56 and is 
now president of the Western Australian Branch 
of the Royal Australian Chemical Institute and dean 
of the faculty of science at the University of 


Western Australia, 


Andreas Sigismund Marggraf (1709-82) 

‘Tue second father or renewer of chemistry’, 
Andreas Sigismund Marggraf was the son of Henning 
Christian Marggraf, chief apothecary to the royal 
court at Berlin, and was born 250 years ago on 
March 3, 1709. He studied chemistry, pharmacy, 
medicine, mineralogy and metallurgy at Berlin, Halle 
and Freiberg. In 1754 he became director of the 
chemical laboratory of the Berlin Academy of Science 
(later called Royal Prussian Academy of Science) 
and of its physics class in 1760. An able experi- 
menter, a skilled analyst and a voluminous writer, 
he was responsible for a number of far-reaching 
contributions to chemistry, chemical industry and 
national economy. He made the microscope a useful 
aid in the chemical laboratory ; worked out a cheap 
method for the preparation of phosphorus and of 
Phosphoric acid, which laid the basis for important 
industries; prepared phosphorus pentoxide and 
showed that phosphorus is contained in urine as 
phosphates. He produced potassium cyanide, 
demonstrated its capacity of forming double salts 
with those of the heavy metals, and introduced the 
ferro-ferricyanides as reagents for iron. It was his 
preparatory work that led to the isolation by Sir 
Humphry Davy of the metallic elements potassium, 
sodium and magnesium. In 1768 Marggraf obtained 
hydrogen fluoride by the distillation of fluorspar with 
sulphuric acid. The value of his discovery of sugat 
in the sugar beet was only appreciated during the 
continental blockade of France in 1806. Marggra! 
died in Berlin on August 7, 1782. His collected 
writings were published under the title “Chymische 
Schriften”? in two volumes (1761, 1767). 


The Heaviside Manuscripts 

Tue Institution of Electrical Engineers’ ‘‘Heaviside 
Centenary Volume” (1950) contained a long article 
by Mr. H. J. Josephs, of the Post Office Ri 
Station, describing the contents of various unpub- 
lished Heaviside manuscripts in the possession of the 
Institution ; much of the material would have f 
a place in the projected but never completed Vol. 4 
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of Heaviside’s ““Electro-magnetic Theory’’. In 1957, 
inahouse at Paignton, once occupied by Heaviside, 
afurther collection of his manuscripts was discovered ; 
these are now described by Mr. Josephs in the 
Institution’s Monograph No. 319. ; 

Some of these notes seem to be corrections and 
amplifications of Vol. 2 of the “‘Electro-magnetic 
Theory”, which Heaviside would have incorporated 
in this volume had not the publishers insisted on a 
simple reprinting of the articles in The Electrician 
which formed the substance of the treatise. They 
show the emphasis placed by Heaviside on @ sym- 
metrical formulation of the electro-magnetic equa- 
tions which, while not improperly called Maxwell’s, 
seem to have been first stated explicitly by Heaviside ; 
and they show his interest in, and attempts to estab- 
lish, a unified field theory embracing both electro- 
magnetic and gravitational phenomena, based on a 
general energy-flow equation. They also contain 
much about Heaviside’s operational calculus, par- 
ticularly in connexion with fractional differentiation, 
and suggest that Heaviside explored the idea of 
treating p not simply as the differentiation operator, 
but as the parameter in an integral transform, a 
point of view much closer to present-day interpreta- 
tions of his calculus. 

Whether or not a careful analysis of the large mass 
of papers found at Paignton would now be worth 
while, Mr. Joseph’s article can only increase respect 
for Heaviside as an unorthodox but brilliant mathe- 
matician. Mr. Joseph revives the comment that 
Heaviside’s operational methods made no appeal to 
mathematicians because such methods did not con- 
form to the standards of rigour fashionable at the 
time; this is not in agreement with the conclusions 
reached by Prof. J. L. B. Cooper, who has discussed 
the point in considerable detail in an article in the 


Mathematical Gazette for February 1952. 


Isaac Newton Telescope 


Fivancrat approval has been given to proceed with 
the construction of the proposed 98-in. Isaac Newton 
telescope which will be erected at the Royal Green- 
wich Observatory, Herstmonceux. This project was 
sponsored by the Royal Society, at the instance of 
the Royal Astronomical Society, and approved in 
principle by the Treasury and the Board of Admiralty 
in 1946. The design of the instrument received 
careful consideration by the scientists concerned, and 
development work was undertaken. In 1955 it was 
decided that the new Astronomer Royal should, on 
appointment, be given the opportunity of considering 
the final form of the telescope, and a quotation for 
construction of the instrument was obtained in 
November 1956. Owing to lack of funds, it was not 
then possible, however, to proceed with the actual 
construction. The new telescope, which will be the 
largest in the United Kingdom, will be used by 
visiting astronomers as well as by the staff at the 
Royal Observatory. The cost of the whole project, 
including erection and preparation of the site, is 
estimated at £660,000 at present prices, and will 
take five to six years to complete. Expenditure will 
be shared equally between the Treasury and the 
Admiralty. 

The Isaac Newton telescope will be designed for 
ise @t the prime focus, Cassegrain focus, and coudé 
focus, Special attempts will be made to design a 
Cassegrain combination suitable for astrometry. The 
telescope tube will be held in an open fork with no 
north support ; the Cassegrain focus will be reached 
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from a platform carried by the telescope itself. It is 
intended to carry out an extensive programme of 
parallax work at the Cassegrain focus, using the 
large aperture to observe much fainter stars than 
are accessible to the comparatively small refractors 
now used on parallax work. The telescope is very 
flexible as regards choice of programme, and at 
present it is intended to concentrate the spectro- 
scopic programmes on the precise determination of 
radial velocity, especially in those cases where 
individual stellar velocities may be supposed to be 
important in connexion with problems in stellar 
dynamics. In particular, it is planned to provide a 
large grating spectrograph at the coudé focus, with 
cameras of approximately 100-in., 60-in. and 30-in. 
focus. ‘The prime focus will be available for the 
direct photography of stellar fields of interest in 
radio astronomy, and will be equipped with a field- 
correcting lens. 


Effects of the Aurora on Radio Reception 

A RESEARCH station to study the effects of the 
aurora on radio reception is to be set up on the site 
of a former radar station at Hillhead, near Fraser- 
burgh, in Aberdeenshire. This investigation, part of a 
programme of ionospheric studies, will be undertaken 
by the Stanford Research Institute of America in 
collaboration with scientists from the Royal Radar 
Establishment of the Ministry of Supply. Observa- 
tions will be made with a large parabolic reflector 
about 140 ft. in diameter brought from America. 
The experiments are expected to start in the late 
spring or early summer and will last one or two 
years. The cost will be borne by the Stanford Research 
Institute. The Aberdeenshire site has been chosen 
because of its geographical suitability for the study 
of auroral phenomena. There will be no radiation 
danger, and interference with radio and television 
will be prevented by the operating conditions laid © 
down for the installation. There should be no 
restrictions on agricultural work, except that the 
vicinity of the installation must be protected from 


damage by livestock. 


Biochemistry at the Royal College of Surgeons 
In days gone by, surgical shock was interpreted in 
terms of vaso-motor reactions and nervous responses 
to the stimulus of a severe injury. To-day attention 
is directed rather to the metabolic (chemical) response 
to injury, and since a chemical mechanism is now 
known to underlie the phenomena of shock, its 


treatment must be chemical also. Hitherto the 
process of wound healing has been regarded as a 
matter of cellular and vascular processes, explicable 
on @ histological basis. But there was & mysterious 
initial phase when nothing could be seen to be going 
on in the wound, sometimes referred to as ‘the lag 
period’. Recent research has shown that during these 
early days there is intense chemical activity in the 
wound, resulting in the accumulation of certain 
substances which are essential for the natural process 
of repair and without which the lag period may be 
indefinitely prolonged. There are profound bio- 
chemical changes in patients suffering from cancer, 
and furthermore there are tumours which are known 
to depend for their growth upon certain chemical 
substances, the deprivation of which can result in 
such diminution of growth as to suggest the possibility 
of treating cancer by chemical means. These are 
only examples to indicate the importance of bio- 
chemistry in surgery to-day, and it is no wonder 
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that the Council of the Royal College of Surgeons 
decided some time ago to establish a sub-department 
of biochemistry in the Department of Physiology, 
with the dual purpose of promoting research and 
of amplifying the educational facilities which the 
College provides for postgraduates studying the basic 
medical sciences. The College has long looked for- 
ward to establishing a chair of biochemistry, and is 
deeply indebted to Mr. Jack Cotton for his recent 
gift of £100,000, which will make this possible. 


Arrival of Methane Pioneer 

Methane Pioneer, which left the Gulf of Mexico on 
January 31, arrived at Canvey Island, Essex, on 
February 20 with an experimental cargo consisting 
of 2,000 tons of liquid natural gas (methane) from 
one of the Gulf Coast oilfields. After liquefaction, 
which reduces it to 1/600th of the volume occupied 
in gaseous form, it was loaded into five special tanks 
in Methane Pioneer, which is owned jointly by the 
Gas Council of Great Britain and Constock Inter- 
national Methane, Ltd., of the United States. The 
tanks are of aluminium with a 12-in. insulation of 
balsa wood and an outer jacket of steel. The liquid 
will be pumped from Methane Pioneer and through 
an insulated pipeline from the jetty to two storage 
tanks, each with a capacity of about 1,000 tons of 
methane. One has been built for the North Thames 
Gas Board by the Whessoe Company, Ltd., of Darling- 
ton; the other by the A.P.V. Company, Ltd., of 


Crawley. Although these shore storage tanks are 
heavily insulated there will be a continuous boil-off 
of gaseous methane, and this material will be con- 
tained in a small gas-holder of the dry-sealed Wiggins 
type, whence it will be pumped into the mains 
system. Liquid methane will be vaporized by heat 


exchange with water or steam, and there is no 
intention at this stage of making use of the refrigerat- 
ing capacity of the methane, which is at — 260° F. 
The liquid will be converted to gas under pressure, 
and this pressure will be used to convey the gaseous 
methane into the transmission lines of the North- 
Thames Gas Board. A new transmission line has 
been laid from Canvey Island to connect with a 
high-pressure main already in existence between 
Shellhaven and Romford Works, and the gaseous 
methane will mix with refinery gases from the Shell- 
haven refinery. The town’s gas supplied by the Board 
is distributed at 500 B.Th.U./ft.*, while the methane 
has a calorific value of 1,000 B.Th.U./ft.2, and 
reforming of the methane into gas of 500 B.Th.U./ft.* 
will be carried out at Romford by the Onia-Gegi 
catalytic process. The gas after reforming will have 
similar characteristics to gas normally produced from 
coal and will be suitable in every way for consumers’ 
appliances, with the added advantage that it will be 
free from sulphur. If these trials prove successful, 
both technically and economically, consideration will 
be given to the import of liquid methane on a much 
larger scale. Vessels carrying some 30,000 tons will 
probably be required in order to secure real economy. 


Noise in Industry 

In a written reply to a question about studies of 
the incidence and effects of noise in industrial estab- 
lishments, Mr. H. Nicholls, as representing the Lord 
President of the Council, said in the House of 
Sommons on February 13 that the National Physical 
Laboratory undertook surveys of noise for industry 
and advised on appropriate treatments to reduce 
noise inside and outside offices, factories, etc., caused 
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by machinery and equipment used in the f : 
The Laboratory also made fundamental investi. 
gations on the ‘subjective loudness’ of different types 
of noise. The Building Research Station was con. 
ducting surveys related to factory design, construe. 
tion and use, and the effect of factory noise on 
neighbouring areas. Several grant-aided research 
associations were also actively interested in noise 
abatement although their research was mostly at an 
early stage. These studies were in addition to those 
of the Medical Research Council attempting to define 
the norm&l deterioration that occurs with age and 
the extent to which this may be modified by 
exposure to industrial noise. Papers had been and 
would continue to be published by the Stationery 
Office and in the technical press. 


A Register of Historic Aircraft 

A First practical step towards a national aero- 
nautical museum was taken at a meeting held at the 
Royal Aeronautical Society at the end of January 
under the chairmanship of Mr. Peter G. Masefield, 
president-elect of the Society. At this meeting, which 
was attended by twenty-six representatives of 
Government departments and other public bodies, it 
was agreed to compile a register of aircraft of major 
historical importance in Great Britain with the view 
of their preservation. The need for a national British 
aeronautical museum has been felt for a long time 
by many in the aircraft industry who are anxious 
that historic aircraft should be preserved. Since the 
Royal Aeronautical Society acquired the aircraft of 
the Nash Collection of Early Mechanical Transport 
in 1953, so that these historic aircraft should remain 
in Britain, the Society has hoped that they would 
eventually form part of a national aeronautical 
museum. The decision to compile a Central National 
Register means that the whereabouts and condition 
of all historic aircraft still in Britain will be known and 
plans to ensure that they are not destroyed can be put 
in hand. The number of these valuable and irreplace- 
able aircraft is steadily dwindling because of a lack 
of national policy. A sub-committee under the 
chairmanship of Air Commodore A. H. Wheeler, 
trustee of the Shuttleworth Collection, has been 
formed to supervise the preparation of the Register. 
The Royal Aeronatical Society has already been 
greatly helped by many enthusiasts, but it is clear 
that there must be many relics still in private hands, 
and the Society appeals to all who possess old aero- 
planes or aero-engines or who know where they are 
to inform the Society of their location and condition 
so that, if possible, they may be added to the Register. 
Information should be sent to Mr. A. 8. C. Lumsden, 
Royal Aeronautical Society, 4 Hamilton Place, 
London, W.1. 


Institution of the Rubber Industry in South Africa 
Tue first steps are being taken to establish a South 
African Section of the Institution of the Rubber 
Industry, consisting of a central Council in Johannes- 
burg with branches in Johannesburg, Durban and 
Port Elizabeth. The aims of the new Section will be 
to promote the development of polymer science 
technology, to encourage technical education and 
provide a means of association between persons 
engaged in the rubber industry in South Africa. 
South African companies and personnel engaged in 
rubber and plastics manufacture are invited to apply 
for membership of the Section. The addresses of the 
honorary secretaries are as follows: Johannesburg, 
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F.C. Moore, Durham Raw Materials, P.O. Box 4142, 
Johannesburg ; Durban, A. J. Robertson, P.O. Box 
1515, Durban, Natal; Port Elizabeth, W. Pickup, 
P.0. Box 3062, North End, Port Elizabeth. 


The Translations Bulletin 

Tue Translations Bulletin of the Lending Library 
Unit of the Department of Scientific and Industrial 
Research, the first issue of which appeared in January, 
replaces the T'ranslated Contents Lists of Russian 
Periodicals previously issued by the Unit. In so far 
as it also includes articles on scientific or technical 
developments in the U.S.S.R., the claim that it is a 
new publication is justified and there are also lists of 
translated Russian books in print or printing ; 
translated or being translated ; and suggested for 
publication. It represents also a considerable modi- 
fication of the arrangements for co-operative Russian 
translations. In the new Bulletin lists are given of 
cover-to-cover translations of Russian periodicals 
and of translations of Russian articles available from 
the Library Lending Unit. In future, however, 
instead of referring to the Translated Contents Lists 
of Russian Periodicals previously issued by the 
Department at the same price as the new Bulletin, 
it will be necessary to subscribe to the Monthly Index 
of Russian Accessions, available from H.M.S.O. 
(U.S.A. Section), P.O. Box 569, London, 8.E.1, the 
subscription to which is about £5 7s. 6d. a year. 
This has the advantage of being more comprehensive 
than the Monthly Index, but apart from being a 
little later, its greater bulk may be a disadvantage in 
the circulation to departmental specialists on whom 
a university librarian, for example, will doubtless 
rly for requests for translations. The decision 
whether a translation shall be made, however, rests 
with the Department itself instead of with the 
potential user. Under the previous scheme a transla- 
tion would be made at the request of two or more 
users, the cost depending on the number of requests 
received. This may, however, become less important 
as the co-operative scheme with the National Science 
Foundation for cover-to-cover translation of periodi- 
cals develops, under which twenty-four periodicals 
are already listed for translation in the January 
issue of the Bulletin. 


Overseas Geology and Mineral Resources 


Tue quarterly bulletin of the Overseas Geological 
Surveys, formerly known as Colonial Geology and 
Mineral Resources, and published by H.M. Stationery 
Office, London, has been renamed Overseas Geology 
and Mineral Resources as from Vol. 7 (1), 1958, in 
order to be more in keeping with the changing status 
of the territories for which it caters. The bulletin 
will continue to cover topics concerning all the 
territories, whether dependent or independent, that 
Previously came within its purview. 


Australian Defence Standards Laboratories 


Tae 1956 report of these Laboratories has recently 
been released. It contains an interesting account of a 
surprisingly wide range of activities. The scope of 
the investigations is indicated by the inclusion of 
studies of such diverse subjects as detergents, radio 
Spectroscopy, paint, textiles, rubber, radiological 
Physics and viscometry. Worthy of special mention 
ate three items of considerable interest. First, 
Xerography has been explored with particular 
reference to the employment of liquid developers of 

volume-resistivity such as carbon tetrachloride. 
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By using such liquids a considerable improvement 
in resolution has been achieved. This has important 
applications for radiographic purposes and in con- 
tinuous-tone photography. Second, a new method 
for graticule production—the interstitial process— 
has been developed. This has already been described 
in Nature (January 24, p. 223), where the Labor- 
atories were incorrectly named ‘Reference’ instead of 
‘Defence Standards Laboratories’. Third, work on 
a multi-cell-unit dry battery has produced promising 
results. After manufacture, the battery is dehydrated 
under heat and vacuum. It is then in a suitable 
condition for storage. When required for use, 
the battery is activated by the addition of water. 


Lady Tata Memorial Trust Scholarships and Fellow- 

ships 

Tue Trustees of the Lady Tata Memorial Trust 
invite applications for grants, scholarships or fellow-. 
ships for research on diseases of the blood, with 
special reference to leukzmia, in the academic year 
beginning on October 1, 1959. In view of the affinity 
between leukemia and other forms of neoplastic 
disease, candidates with programmes of research on 
any aspect of malignant disease which may throw 
light on problems of leukemia will also be eligible. 
Grants of variable amount are made for research 
expenses or to provide scientific or technical assistance 
for senior workers. Scholarships are awarded for the 
personal remuneration of workers i out 
approved research under suitable direction ;_ their 
normal value will be £600 per annum. In addition, 
the Trustees may award one or more Lady Tata 
Memorial Research Fellowships to workers with con- 
siderable research experience ; the stipends of these 
Fellowships will be at the rate of £1,200 per annum. 
Further particulars and forms of application can be 
obtained from the Secretary of the (European) 
Scientific Advisory Committee, Lady Tata Memorial 
Trust, Chester Beatty Research Institute, Fulham 
Road, London, 8.W.3. Applications must be sub- 
mitted before March 31. 


University News : Bristol 


Miss Marcaret RanpAtt has been appointed 
organic chemist at the Long Ashton Research Station. 
The University has received the following gifts and 
grants, among others: £8,341 from the British 
Empire Cancer Campaign for cancer research to be . 
carried out in the Departments of Pathology, Physio- 
logy and Surgery; £2,500 from the Department of 
Scientific and Industrial Research, as a renewal of 
grant for Prof. C. F. Powell’s work in the Department 
of Physics; £1,492 from the Agricultural Research 
Council to the Department of Veterinary Medicine 
for research on experimental transmission of lymphoid 
leukosis ; £1,172 from the Agricultural Research 
Council to the Department of Physiology for research 
on bovine acetonemia. 
Liverpool 
Tue following appointments were recently made : 
P. E. Doak, to be lecturer in applied mathematics ; 
8. L. Dixon, to be lecturer in mechanical engineering ; 
D. Allan, to be lecturer in applied veterinary path- 
ology. 


The Night Sky in March 

NEw moon occurs on Mar. 9d. 10h. 51m. v.t. and 
full moon on Mar. 24d. 20h. 02m. The following 
conjunctions with the Moon take place: Mar. 1d. 
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10h., Jupiter 3° S.; Mar. 3d. 22h., Saturn 4° S.; 
Mar. 12d. 00h., Venus 0-1° N.; Mar. 16d. 19h., 
Mars 7° N.; Mar. 28d. 18h., Jupiter 3° S.; Mar. 31d. 
06h., Saturn 4° 8. In addition to these conjunctions 
with the Moon, Mars is in conjunction with Alde- 
baran on Mar. 4d. 14h., Mars being 7:5° N. There is 
a partial eclipse of the Moon on March 24, visible at 
Greenwich. This is one of the final eclipses of a series 
which began in 985 and which will end in 2013. 
Mercury is favourably situated for observation during 
the first three weeks of the month. It is an evening 
star, visible for a short time after sunset. It sets at 
19h. 45m. on March 15. Venus is an evening star, 
visible in the south-west after sunset. Conditions are 
steadily becoming more favourable for observation. 
Venus sets at 19h. 55m., 20h. 40m. and 2lh. 35m. on 
March 1, 15 and 31, respectively ; its stellar mag- 
nitude is —3-4. Its distance decreases during the 
month from 137 to 122 million miles and the visible 
portion of the apparent disk decreases from 0-900 to 
0-828. Mars is moving eastwards among the stars 
and is in Taurus throughout March. It sets at 2h. 
05m., lh. 50m. and lh. 25m. at the beginning, middle 
and end of the month, respectively. Its stellar mag- 
nitude decreases from +0-8 to +1-3, its distance 
from the Earth increasing from 119 to 148 million 
miles. Mars is easily observed during the evening, 
but conditions are becoming less favourable. Jupiter 
rises at lh. 10m., Oh. 20m. and 23h. 10m. on March 1, 
15 and 31, respectively ; it is near 6 Scorpii. The 
stellar magnitude of Jupiter is —1-8 ; conditions for 
observation are not very favourable. The distance 
of Jupiter is approximately 460 million miles. Saturn 
is a morning star in Sagittarius, rising at 3h. 55m., 
3h. 00m. and 2h. 00m. at the beginning, middle and 
end of the month, respectively. Its stellar magnitude 
is +0-8 and its distance approximately 960 million 
miles. Conditions for observation are not favourable. 
Occultations of stars brighter than magnitude 6 are 
as follows, observations being made at Greenwich : 
Mar. 13d. 19h. 03-8m., 31 Ari. (D); Mar. 21d. Oh. 
19-2m., A Cne. (D); Mar. 21d. 2h. 13-4m., A* Cne. 
(D); Mar. 21d. 21h. 00-4m., 6 Leo. (D); Mar. 29d. 
3h. 47-7m., x Oph. (R). D and R denote disappear- 
ance and reappearance, respectively. The vernal 
equinox occurs on March 21d. 09h. 


Announcements 

Dr. Nyman Levin, deputy director of the Weapons 
Group of the United Kingdom Atomic Energy 
Authority since July 1958 (see Nature, 182, 155; 
1958), has been appointed director of the Group in 
succession to Sir William Penney. Sir William will 
succeed Sir John Cockcroft as the Authority’s 
member for research when Sir John takes up his 
mastership of Churchill College. Dr. Levin is succeeded 
as deputy director of the Weapons Group by Mr. E. F. 
Newley. 

Mr. J. S..Funton, principal of the University 
College of Swansea, has been appointed vice-chancellor 
of the University College of Sussex which is to be 
built on the outskirts of Brighton. 

Mr. Ertc K. Corz has been elected an honorary 
member of the British Institution of Radio Engineers 
in. recognition of his services to the radio and elec- 
tronics industry and profession. Mr. Cole is chairman 
and managing director of the firm bearing his name, 
which he founded in 1926. 

Viren H. Disney, director of electrical engineering 
research at Armour Research Foundation, has been 
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elected president of the National Electronics Con. 
ference for 1959, the next meeting of which is to be 
held at the Hotel Sherman in Chicago during October 
12-14. Further information can be obtained from 
the U.S. National Electronics Conference, 84 East 
Randolph Street, Chicago 1, Illinois. 


Discussions on expanding Anglo-Soviet educa. 
tional, cultural, scientific and other exchanges during 
1959-60 will begin in Moscow on March 24 between 
the Soviet Relations Committee of the British 
Council and the Soviet State Committee for Cultural 
Relations with Foreign Countries. The talks 
are expected to last about a week. The Soviet 
Relations Committee of the British Council was set 
up with Government support in 1955; it provides a 
representative organization to encourage, sponsor and 
organize Anglo-Soviet exchanges in various fields, 


Tue Clough Memorial Research Fund of the Edin. 
burgh Geological Society is available for geological 
research in Scotland and the north of England 
(Northumberland, Durham, Cumberland, Westmor- 
land and Yorkshire). Grants for the period April |, 
1959-March 31, 1960, will be made shortly, and 
applications, stating the nature of the proposed 
research, should be sent before March 31 to the 
Secretary, Clough Memorial Research Fund Com- 
mittee, Edinburgh Geological Society, Synod Hall, 
Castle Terrace, Edinburgh 1. 


By arrangement with the Polish State Publishing 
House for Scientific Literature, Warsaw, an exhibition 
of Polish scientific books is being held by the Oxford 
University Press in Oxford at 116 High Street during 
February 21—March 7. A similar exhibition is being 
held in Cambridge at Messrs. Heffer during March 4- 
14, and in Glasgow at Messrs. John Smith during 
March 2-14. Oxford University Press books will in 
turn be exhibited in # number of Polish cities, 
including Warsaw, Cracow, Poznan, Lodz and 
Wroclaw. Subjects covered by the exhibition are an- 
thropology, archeology, bibliography, biology, chem- 
istry, economics, geography, history, law, linguistics, 
mathematics, philology, philosophy and physics, 


Tue Scottish Group of the Nutrition Society is to 
hold a symposium on Obesity, on April 4 in Glasgow. 
Those interested who are not already members of the 
Society may write for further particulars to Dr. J. 
Davidson, The Rowett Research Institute, Bucksburn, 
Aberdeenshire. 

Tue British Agricultural History Society and the 
Economic History Society are to hold a joint con- 
ference on Agriculture and Rural Life at Wye College, 
during April 10-13. Further details can be obtained 
from Mr. J. D. Sykes, Department of Agricultural 
Economics, Wye College, Nr. Ashford, Kent. 


An international symposium on_ experimental 
biology is to be held in commemoration of Lazzaro 
Spallanzani (1729-99) at his birthplace, Reggio 
Emilia, during May 2-9. Further information can 
be obtained from Prof. Carlo Jucci, Istitute ‘I. 
Spallanzani’, Palazzo Botta, Pavia. 

In his review of “Bibliography of Food”, by E. A. 
Baker and D. J. Foskett, published in Nature of 
February 7, p. 351, Dr. Magnus Pyke states that “the 
authors do list Plimmer’s historical tables of food 
composition and omit to mention the workaday ones 
of McCance and Widdowson”. The latter tables are 
in fact listed on p. 285 and are indexed in both au 
and subject indexes. 
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RELAXATION PROCESSES 


N informal discussion on ‘‘Relaxation Processes’’ 
was held under the auspices of the Faraday 
Society in the Department of Chemical Engineering, 
at the Imperial College of Science and Technology, 
London, on November 27. About eighty people 
from universities and industrial research centres both 
in Great Britain and abroad were present. 

The chairman, Prof. A. R. Ubbelohde, welcomed 
the visitors and stressed the modern importance of 
relaxation techniques in the study of a wide variety 
of rate processes of interest to the physical chemist. 
The use of methods involving cyclic stresses could 
provide a valuable means of studying rate processes 
in systems only slightly perturbed from their equi- 
librium states, and made possible the correlation of 
rates with thermodynamic functions. This was of 
particular interest in the cases where the relaxation 
times could be associated with specific molecular 


mechanisms. 

Prof. C. J. F. Béttcher (University of Leyden) 
presented a paper on the phenomenological study of 
dielectric relaxation. He considered a dielectric with 
polarization (strain) in the same direction as the 
applied field (stress), for the case in which there is a 
lag between stress and strain. If the stress is pre- 
scribed to rise and fall as a simple step-function with 
time, then the strain shows a simple retardation 
effect. If, on the other hand, the strain is prescribed 
to have a step form, then the stress required to effect 
this shows a relaxation effect. Since in practical 
dielectric measurements we work with a prescribed 
stress, it would seem logical to refer to the measured 
time-constant as the retardation time. He outlined 
the equations describing the variation of dielectric 
constant and of the loss factor with frequency. 
Although the retardation and relaxation times are 
not in general the same, they may be shown to have 
a simple mathematical connexion in this case and 
each can be related to a molecular relaxation time, 
so that the distinction between retardation and 
relaxation is in the nature of a formal rather than a 
physico-chemical one. The dependence on tem- 
perature of the molecular relaxation time can be 
understood by considering the relaxation mechanism 
as an Eyring type rate-process. Identification of the 
molecular process responsible for the macroscopic 
relaxation is facilitated by the experimental fact that 
a single relaxation curve is often obtained. 

Illustrating the comparatively simple behaviour 
which could occur in complex molecules, Prof. 
Réttcher reported measurements on bromobenzene 
and cyclohexanol, each of which showed a single 
relaxation curve and mixtures of which showed only 
two relaxation times shifted towards each other, 
rather than a complex distribution of relaxation times. 

Dr. Vera Daniel (Electrical Research Association, 
Leatherhead) described the results of measurements 
°n @ group of long-chain alcohols where anomalous 
dielectric constants (higher than those expected from 
the number of hydroxyl groups) are connected with 
the existence of polymeric forms of hydrogen bonds, 
% that the energy differences between the two forms 
of different polarization are small. Co-existence of 
these different forms is unlikely in a perfect crystal 
but likely at, structural imperfections. Measurements 
Were described on a variety of crystals grown from 


the melt or solution, containing different proportions 
of structural defects. These measurements, together 
with those of other investigators, indicate that chains 
of hydrogen bonds become polarizable in relation to 
some kind of flaw. For a maximum dielectric con- 
stant fairly long chains are necessary, combined with 
a sufficiency of flaws. The flaws occupy space and a 
texture was suggested in the materials which would 
give suitable flaws to explain the dielectric properties 
and a number of other properties of the crystals. 

Mr. W. Reddish (Imperial Chemical Industries, 
Plastics Division), in a paper on solid polymers, 
indicated that the way in which polymers soften as 
temperature increases is dependent on time and hence 
possess relaxation characteristics. Results of detailed 
measurements of harmonic dynamic mechanical 
moduli and losses show strong correlation with 
measurements of dielectric relaxation obtained 
at the same frequency, in the case of several 
important polar polymers. Measurements of the 
mechanical moduli over a wide range of temperature 
together with dielectric measurements over a wide 
range of frequency show that cases of softening by a 
single process are rare ; often two or more processes 
are observed widely separated on the temperature 
scale, a polycarbonate for example showing pro- 
cesses 250° C. apart. The number of processes 
possible seems to be related to the number of separate 
modes of rotational motion which can occur in the 
molecule, relatively free rotation of small groups 
occurring at low temperatures. These rotational 
motions may be inhibited in crystalline regions. 

After comparison of dielectric and mechanical data 
for a range of compounds (especially when side-chains 
are varied systematically), it has sometimes been 
possible to suggest that particular relaxation pro- 
cesses are associated with motions of particular 
molecular groupings. Detailed models were discussed 
for polymethyl methacrylate and polymethyl chlor- 
acrylate. Another phenomenon of interest was that 
certain modes of motion observable mechanically 
but not electrically for non-polar polymers can be 
excited by adventitious dipolar impurities; for 
example, this function is attributed to carbonyl 
groups in polyethylene. Dielectric data for three 
processes for linear and branched slightly oxidized 
polyethylene were represented by means of solid 
models shown at the meeting. 

In general discussion, Dr. C. W. Bunn (Imperial 
Chemical Industries, Plastics Division) raised a 
number of points connected with the hydrogen- 
bonded structures suggested by Dr. Daniel. Dr. 
R. B. Beevers (Courtaulds, Maidenhead) pointed out 
that the high values of the dielectric constant 
obtained by Dr. Daniel for specimens prepared from 
the melt may possibly arise as a consequence of the 
formation of a meso-phase in the melting region and 
suggested that it would be worth while to determine 
if such a meso-phase existed. 

Prof. G. Gee (University of Manchester) criticized 
methods of analysing the dependence of relaxation 
times on temperature by means of the equation : 


log + = log t+), + E/RT 


He pointed out, however, that a more precise analysis 
still gave remarkably large activation energies 
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10h., Jupiter 3° S.; Mar. 3d. 22h., Saturn 4° S.; 
Mar. 12d. 00h., Venus 0-1° N.; Mar. 16d. 19h., 
Mars 7° N.; Mar. 28d. 18h., Jupiter 3°S.; Mar. 31d. 
06h., Saturn 4° 8. In addition to these conjunctions 
with the Moon, Mars is in conjunction with Alde- 
baran on Mar. 4d. 14h., Mars being 7:5° N. There is 
a partial eclipse of the Moon on March 24, visible at 
Greenwich. This is one of the final eclipses of a series 
which began in 985 and which will end in 2013. 
Mercury is favourably situated for observation during 
the first three weeks of the month. It is an evening 
star, visible for a short time after sunset. It sets at 
19h. 45m. on March 15. Venus is an evening star, 
visible in the south-west after sunset. Conditions are 
steadily becoming more favourable for observation. 
Venus sets at 19h. 55m., 20h. 40m. and 2h. 35m. on 
March 1, 15 and 31, respectively ; its stellar mag- 
nitude is —3-4. Its distance decreases during the 
month from 137 to 122 million miles and the visible 
portion of the apparent disk decreases from 0-900 to 
0-828. Mars is moving eastwards among the stars 
and is in Taurus throughout March. It sets at 2h. 
05m., lh. 50m. and lh. 25m. at the beginning, middle 
and end of the month, respectively. Its stellar mag- 
nitude decreases from +0-8 to +1-3, its distance 
from the Earth increasing from 119 to 148 million 
miles. Mars is easily observed during the evening, 
but conditions are becoming less favourable. Jupiter 
rises at lh. 10m., Oh. 20m. and 23h. 10m. on March 1, 
15 and 31, respectively ; it is near 8 Scorpii. The 
stellar magnitude of Jupiter is —1-8 ; conditions for 
observation are not very favourable. The distance 
of Jupiter is approximately 460 million miles. Saturn 
is a morning star in Sagittarius, rising at 3h. 55m., 
3h. 00m. and 2h. 00m. at the beginning, middle and 
end of the month, respectively. Its stellar magnitude 
is +0-8 and its distance approximately 960 million 
miles. Conditions for observation are not favourable. 
Occultations of stars brighter than magnitude 6 are 
as follows, observations being made at Greenwich : 
Mar. 13d. 19h. 03-8m., 31 Ari. (D); Mar. 21d. Oh. 
19-2m., A? Cne. (D); Mar. 21d. 2h. 13-4m., A* Cne. 
(D); Mar. 21d. 21h. 00-4m., 6 Leo. (D); Mar. 29d. 
3h. 47-7m., x Oph. (R). D and R denote disappear- 
ance and reappearance, respectively. The vernal 
equinox occurs on March 21d. 09h. 


Announcements 

Dr. Nyman Levin, deputy director of the Weapons 
Group of the United Kingdom Atomic Energy 
Authority since July 1958 (see Nature, 182, 155; 
1958), has been appointed director of the Group in 
succession to Sir William Penney. Sir William will 
succeed Sir John Cockcroft as the Authority’s 
member for research when Sir John takes up his 
mastership of Churchill College. Dr. Levin is succeeded 
as deputy director of the Weapons Group by Mr. E. F. 
Newley. 

Mr. J. 8S. Fuxron, principal of the University 
College of Swansea, has been appointed vice-chancellor 
of the University College of Sussex which is to be 
built on the outskirts of Brighton. 

Mr. Ertc K. Cotx has been elected an honorary 
member of the British Institution of Radio Engineers 
in recognition of his services to the radio and elec- 
yronics industry and profession. Mr. Cole is chairman 
and managing director of the firm bearing his name, 
which he founded in 1926. 

Virer H. Disney, director of electrical engineering 
research at Armour Research Foundation, has been 
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elected president of the National Electronics Con. 
ference for 1959, the next meeting of which is to be 
held at the Hotel Sherman in Chicago during October 
12-14. Further information can be obtained from 
the U.S. National Electronics Conference, 84 East 
Randolph Street, Chicago 1, Illinois. 


Discussions on expanding Anglo-Soviet educa. 
tional, cultural, scientific and other exchanges during 
1959-60 will begin in Moscow on March 24 between 
the Soviet Relations Committee of the British 
Council and the Soviet State Committee for Cultural 
Relations with Foreign Countries. The talks 
are expected to last about a week. ‘The Soviet 
Relations Committee of the British Council was set 
up with Government support in 1955; it provides a 
representative organization to encourage, sponsor and 
organize Anglo-Soviet exchanges in various fields, 


Tue Clough Memorial Research Fund of the Edin- 
burgh Geological Society is available for geological 
research in Scotland and the north of England 
(Northumberland, Durham, Cumberland, Westmor- 
land and Yorkshire). Grants for the period April |, 
1959-—March 31, 1960, will be made shortly, and 
applications, stating the nature of the proposed 
research, should be sent before March 31 to the 
Secretary, Clough Memorial Research Fund Com- 
mittee, Edinburgh Geological Society, Synod Hall, 
Castle Terrace, Edinburgh 1. 


By arrangement with the Polish State Publishing 
House for Scientific Literature, Warsaw, an exhibition 
of Polish scientific books is being held by the Oxford 
University Press in Oxford at 116 High Street during 
February 21—March 7. A similar exhibition is being 
held in Cambridge at Messrs. Heffer during March 4- 
14, and in Glasgow at Messrs. John Smith during 
March 2-14. Oxford University Press books will in 
turn be exhibited in a number of Polish cities, 
including Warsaw, Cracow, Poznan, Lodz and 
Wroclaw. Subjects covered by the exhibition are an- 
thropology, archeology, bibliography, biology, chem- 
istry, economics, geography, history, law, linguistics, 
mathematics, philology, philosophy and physics. 


Tue Scottish Group of the Nutrition Society is to 
hold a symposium on Obesity, on April 4 in Glasgow. 
Those interested who are not already members of the 
Society may write for further particulars to Dr. J. 
Davidson, The Rowett Research Institute, Bucksburn, 
Aberdeenshire. 

Tue British Agricultural History Society and the 
Economic History Society are to hold a joint con- 
ference on Agriculture and Rural Life at Wye College, 
during April 10-13. Further details can be obtained 
from Mr. J. D. Sykes, Department of Agricultural 
Economies, Wye College, Nr. Ashford, Kent. 


An international symposium on_ experimental 
biology is to be held in commemoration of Lazzaro 
Spallanzani (1729-99) at his birthplace, Reggio 
Emilia, during May 2-9. Further information can 
be obtained from Prof. Carlo Jucci, Istitute ‘1. 
Spallanzani’, Palazzo Botta, Pavia. 

In his review of “Bibliography of Food”, by E. A. 
Baker and D. J. Foskett, published in Nature of 
February 7, p. 351, Dr. Magnus Pyke states that “the 
authors do list Plimmer’s historical tables of f 
composition and omit to mention the workaday ones 
of McCance and Widdowson”. The latter tables are 
in fact listed on p. 285 and are indexed in both author 
and subject indexes. 
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N informal discussion on ‘‘Relaxation Processes’’ 

was held under the auspices of the Faraday 
Society in the Department of Chemical Engineering, 
at the Imperial College of Science and Technology, 
London, on November 27. About eighty people 
from universities and industrial research centres both 
in Great Britain and abroad were present. 

The chairman, Prof. A. R. Ubbelohde, welcomed 
the visitors and stressed the modern importance of 
relaxation techniques in the study of a wide variety 
of rate processes of interest to the physical chemist. 
The use of methods involving cyclic stresses could 
provide a valuable means of studying rate processes 
in systems only slightly perturbed from their equi- 
librium states, and made possible the correlation of 
rates with thermodynamic functions. This was of 
particular interest in the cases where the relaxation 
times could be associated with specific molecular 
mechanisms. 

Prof. C. J. F. Béttcher (University of Leyden) 
presented a paper on the phenomenological study of 
dielectric relaxation. He considered a dielectric with 
polarization (strain) in the same direction as the 
applied field (stress), for the case in which there is a 
lag between stress and strain. If the stress is pre- 
scribed to rise and fall as a simple step-function with 
time, then the strain shows a simple retardation 
effect. If, on the other hand, the strain is prescribed 
to have a step form, then the stress required to effect 
this shows a relaxation effect. Since in practical 
dielectric measurements we work with a prescribed 
stress, it would seem logical to refer to the measured 
time-constant as the retardation time. He outlined 
the equations describing the variation of dielectric 
constant and of the loss factor with frequency. 
Although the retardation and relaxation times are 
not in general the same, they may be shown to have 
a simple mathematical connexion in this case and 
each can be related to a molecular relaxation time, 
so that the distinction between retardation and 
relaxation is in the nature of a formal rather than a 
physico-chemical one. The dependence on tem- 
perature of the molecular relaxation time can be 
understood by considering the relaxation mechanism 
as an Eyring type rate-process. Identification of the 
molecular process responsible for the macroscopic 
relaxation is facilitated by the experimental fact that 
a single relaxation curve is often obtained. 

Illustrating the comparatively simple behaviour 
which could oceur in complex molecules, Prof. 
Béttcher reported measurements on bromobenzene 
and cyclohexanol, each of which showed a single 
relaxation curve and mixtures of which showed only 
two relaxation times shifted towards each other, 
rather than a complex distribution of relaxation times. 

Dr. Vera Daniel (Electrical Research Association, 
Leatherhead) described the results of measurements 
on @ group of long-chain alcohols where anomalous 
dielectric constants (higher than those expected from 
the number of hydroxyl groups) are connected with 
the existence of polymeric forms of hydrogen bonds, 
so that the energy differences between the two forms 
of different, polarization are small. Co-existence of 
these different forms is unlikely in a perfect crystal 
but likely at structural imperfections. Measurements 
were described on a variety of crystals grown from 
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the melt or solution, containing different proportions 
of structural defects. These measurements, together 
with those of other investigators, indicate that chains 
of hydrogen bonds become polarizable in relation to 
some kind of flaw. For a maximum dielectric con- 
stant fairly long chains are necessary, combined with 
a sufficiency of flaws. The flaws occupy space and a 
texture was suggested in the materials which would 
give suitable flaws to explain the dielectric properties 
and a number of other properties of the crystals. 

Mr. W. Reddish (Imperial Chemical Industries, 
Plastics Division), in a paper on solid polymers, 
indicated that the way in which polymers soften as 
temperature increases is dependent on time and hence 
possess relaxation characteristics. Results of detailed 
measurements of harmonic dynamic mechanical 
moduli and losses show strong correlation with 
measurements of dielectric relaxation obtained 
at the same frequency, in the case of several 
important polar polymers. Measurements of the 
mechanical moduli over a wide range of temperature 
together with dielectric measurements over a wide 
range of frequency show that cases of softening by a 
single process are rare ; often two or more processes 
are observed widely separated on the temperature 
scale, a polycarbonate for example showing pro- 
cesses 250° C. apart. The number of processes 
possible seems to be related to the number of separate 
modes of rotational motion which can occur in the 
molecule, relatively free rotation of small groups 
occurring at low temperatures. These rotational 
motions may be inhibited in crystalline regions. 

After comparison of dielectric and mechanical data 
for a range of compounds (especially when side-chains 
are varied systematically), it has sometimes been 
possible to suggest that particular relaxation pro- 
cesses are associated with motions of particular 
molecular groupings. Detailed models were discussed 
for polymethyl methacrylate and polymethyl chlor- 
acrylate. Another phenomenon of interest was that 
certain modes of motion observable mechanically 
but not electrically for non-polar polymers can be 
excited by adventitious dipolar impurities; for 
example, this function is attributed to carbonyl 
groups in polyethylene. Dielectric data for three 
processes for linear and branched slightly oxidized 
polyethylene were represented by means of solid 
models shown at the meeting. 

In general discussion, Dr. C. W. Bunn (Imperial 
Chemical Industries, Plastics Division) raised a 
number of points connected with the hydrogen- 
bonded structures suggested by Dr. Daniel. Dr. 
R. B. Beevers (Courtaulds, Maidenhead) pointed out 
that the high values of the dielectric constant 
obtained by Dr. Daniel for specimens prepared from 
the melt may possibly arise as a consequence of the 
formation of a meso-phase in the melting region and 
suggested that it would be worth while to determine 
if such a meso-phase existed. 

Prof. G. Gee (University of Manchester) criticized 
methods of analysing the dependence of relaxation 
times on temperature by means of the equation : 


log t = log t), + E/RT 


He pointed out, however, that a more precise analysis 
still gave remarkably large activation energies 
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associated with the relaxation process in high poly- 
mers and suggested that this was because these were 
concerned with disturbances over large molecular 
areas of the material and not only with one bond. 

Questions by Prof. Ubbelohde, Dr. Mansel Davies 
(University College, Aberystwyth) and Mr. B. 
Warburton (Distillers Co.) on matters arising from 
his paper were answered by Mr. Reddish. Dr. 
Greaverson (Shell) presented measurements on mech- 
anical relaxation in polyethylene, Dr. G. Allen 
(University of Manchester) measurements on mech- 
anical relaxation on rubber, and Dr. C. Brot (Paris) 
reported dielectric studies on liquid mono-alcohols of 
medium chain-length which showed three dispersion 
regions ; these he interpreted in terms of molecular 
mechanisms. 

In the second part of the meeting, Dr. J. H. 
Andrea (Imperial Chemical Industries, Research 
Department) presented results of ultrasonic relaxa- 
tion measurements in liquids, ranging from low 
frequencies (100 ke./s.) where chemical equilibria 
involving rotational isomers may be perturbed by 
the sound wave and ultrasonic absorption observed, 
to the high frequencies (100 Mc./s.) where association— 
dissociation equilibria or slow redistribution of energy 
between translation and vibration may give rise to 
measurable ultrasonic absorption. 

Dr. Andrea outlined ultrasonic measurements 
made by Dr. Lamb and his collaborators (Imperial 
College of Science and Technology, London) which 
gave values for the heats and entropies of activation 
in the passing from one rotational isomeric form to 
another, with particular reference to the substituted 
cyclohexanes. This gave a new method of measuring 
potential barriers hindering internal molecular rota- 
tion. He described the existence of an anomalous 
absorption region in toluene the origin of which is as 
yet unexplained. 

Mr. J. Barlow (Imperial College of Science and 
Technology, London) described research in conjunc- 
tion with Dr. Lamb, in which ultrasonic techniques 
were being used to determine the shear mechanical 
impedance of lubricating oils, as part of an investi- 
gation into the influence of the relaxation behaviour 
of molecules on lubrication. Measurements had been 
made for frequencies of the cyclic shearing stress in 
the region 10*-10° ¢c./s.: the effective range could be 
extended by variation of the temperature and pressure 
of the oil under test. All the experimental results for 
a given oil could be reduced to a single curve for 
each component of the complex shear modulus. This 
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information was then analysed in terms of a spectrum 
of relaxation times. Qualitative correlation could be 
made between the relaxation spectrum and _ the 
proportions of the various hydrocarbon types in 
the oil. 

Dr. J. C. McCoubrey (Imperial College of Science 
and Technology, London) gave a résumé of work 
on ultrasonic relaxations in gases which could be 
used to give quantitative transition probabilities for 
the process in which a molecular vibration was 
de-excited from the first vibrational level to the 
ground-state by a collisional mechanism. Some 
theoretical explanation of these transition prob. 
abilities in terms of molecular parameters could be 
given, but this was inadequate to explain the 
dependence of ultrasonic relaxation times on tem. 
perature. A new technique involving the use of 
interferometry to study the changes in density across 
a shock front in gases in which ultrasonic relaxation 
had been observed could yield measurements of the 
translation—vibration transition probabilities at tem- 
peratures up to 3,000° K., providing valuable tests 
for theories over a wide temperature-range. 

In the general discussion, possible explanations of 
ultrasonic relaxation observed in toluene were sug- 
gested by Dr. J. A. Pople (National Physical Labor- 
atory), Prof. H. C. Longuet-Higgins (Cambridge) and 
Dr. N. Sheppard (Cambridge). Some recent measure- 
ments on ultrasonics in gases were discussed by Mr. 
J. D. Lambert (Oxford), Dr. A. MacColl (University 
College, London) and Mr. T. L. Cottrell (Imperial 
Chemical Industries, Ltd.). 

Finally, two new techniques giving information 
about relaxation times in energy transfer in gases 
were discussed. Dr. R. W. B. Stephens (Imperial 
College of Science and Technology, London) described 
an apparatus in which interrupted infra-red radiation 
is absorbed by a gas, and the vibrational energy 
taken up reappears as translational energy in the 
form of a pressure rise out of phase with the radiation 
input. The lag in phase depends on the relaxation 
time and this has been used to study relaxations in 
carbon monoxide and carbon dioxide. 

Dr. A. G. Gaydon (Imperial College of Science and 
Technology, London) described an adaptation of the 
sodium-line reversal technique to the measurement 
of temperature changes in shock waves in gases 
showing relaxation. This procedure is probably 
capable of giving relaxation times at high tem- 
peratures more accurately than the interferometric 
study of density changes. J. C. McCovusrey 


PLANT MORPHOGENESIS 


SYMPOSIUM on “Experimental Approaches to 

the Problems of Growth and Form in Plants’’, 
arranged by the Experimental Morphology Group of 
the Linnean Society, was held under the auspices of 
the Society in London during December 19-20. The 
symposium attracted a large and representative 
audience and was, in fact, an unusually interesting 
and successful occasion. It is probably true to say 
that this was one of the most varied and compre- 
hensive treatments of plant morphogenesis that has 
been witnessed in Great Britain in recent years. (So 
considerable was the audience that the meetings had 
to be transferred to the rooms of the Geological 


Society.) 


The papers presented at the symposium, some 
twenty in all, covered a wide range and explored the 
many aspects of morphogenesis by diverse experl- 
mental techniques. This wide spread of interest 
brought its own difficulties—the usual one on such 
occasions—that there was, unfortunately, all to 
little time for discussions. 

It had been arranged that some of the longer con- 
tributions should be in the nature of general surveys. 
The opening paper, by Prof. C. W. Wardlaw, was 
of this kind, and dealt with observational, exper! 
mental and analytical methods which have conttl- 
buted to our understanding of plant morphogenesis ; 
Prof. L. J. Audus discussed both in general terms 
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and with citation of specific examples the mechanism 
of correlation in plant development ; Prof. J. Heslop 
Harrison similarly dealt in broad outline and in some 
detail with certain concepts of the action of growth 
substances in flower morphogenesis ; and Dr. P. W. 
Brian gave an interesting account of morphogenetic 
situations in which the gibberellic acids were more or 
less directly involved. Also in the category of more 
general surveys, Dr. L. C. Luckwell outlined the very 
considerable scope for work on the factors controlling 
the growth and forms of fruits, and outlined some of 
the contemporary studies and achievements. 

Among the many investigations of growth and 
form presented to the meeting, it was interesting to 
note that the algae (Dr. E. M. Burrows), fungi (Dr. N. 
Robertson) and mosses (Dr. J. H. Tallis; Dr. E. 
Lodge) had attracted their share of attention, as, 
indeed, they well might. Perhaps the most evident 
omissions were papers dealing with the contributions 
of tissue- and organ-culture techniques to morpho- 
genesis ; little was said about the action of physical 
factors in morphogenesis and, with some exceptions, 
genetical factors tended, on the whole, to be taken 
for granted and treated, as it were, in passing. 

Considerations of space do not admit of detailed 
reference being made to the many papers contributed 
to the symposium. A high standard of interest was 
certainly maintained throughout. In the cireum- 
stances, the scope and vitality of contemporary work 
on the many aspects of morphogenesis in British 
universities and horticultural institutes may perhaps 
be indicated by citing the titles to which reference 
has not already been made: effects of environment 
on leaf development in Impatiens parviflora (Dr. 
A. P. Hughes) ; some factors affecting the production 
of stolons in the potato (Dr. A. Booth); the study 
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of apical development in relation to etiolation (Dr. 
G. R. Lane and Mr. R. D. Butler) ; the experimental 
investigation of the pteridophyte life-cycle (Mr. P. R. 
Bell) ; changes in leaf arrangement in individual fern 
apices (Dr. E. G. Cutter) ; some growth responses to 
gibberellic acid (Dr. M. Y. Stant) ; the effect of very 
long days on the flowering of winter rye (Prof. F. G. 
Gregory and Dr. Olive N. Purvis); some effects of 
environment and hormone treatment on reproductive 
morphology in Chrysanthemum (Dr. W. W. Sclawabe) ; 
floral morphogenesis in Primula bulleyana (Dr. F. 
Cusick); problems of juvenility and flowering in 
trees (Prof. P. F. Wareing); temperature-induced 
meristic and other variation in Cannabis (Dr. Y. 
Heslop Harrison and Miss I. Woods). 

A complete number of the Linnean Society’s 
Journal of Botany is being devoted to publishing the 
contributions to the symposium, and the papers are 
already in the hands of the printers. As it is antici- 
pated that there will be a larger demand than usual 
for this number of the Journal, all those who are not 
Fellows or Associates of the Society, and who wish 
to have copies, should write for particulars, as soon 


a3 possible, to the General Secretary of the Linnean 


Society, Burlington House, Piccadilly, London, W.1. 
Early publication will not only make available a 
fund of valuable contemporary information but is 
also likely to provide a useful stimulus to further effort 
in this fascinating and central field of botanical science. 
The officers of the Linnean Society are to be 
thanked for rendering a signal service by sponsoring 
the meeting. Thanks are also due to Prof. Heslop 
Harrison and Mr. P. R. Bell, who were responsible 
for the inception and arrangement of the symposium, 
and they are to be congratulated on the success of 
its meetings. C. W. WarpLaw 


SCIENTIFIC COUNCIL FOR AFRICA SOUTH OF THE SAHARA 


'HE report* of the Secretary-General to the ninth 

meeting of the Scientific Council for Africa South 
of the Sahara, held at Accra during August 7-16, 
which surveys the activities of the Council during the 
year, is supported by lists of forthcoming meetings 
and of publications in 1958, and by particulars of 
the conclusions and recommendations of the Con- 
ference. Among the general conclusions of the 
Conference may be noted the Council’s view that the 
Foundation for Mutual Assistance in Africa South of 
the Sahara will become one of the most active 
flements of the Commission for Technical Co- 
operation in Africa, and the emphasis placed on the 
very careful examination of each request for technical 
assistance in Africa in order to determine the best 
way of meeting it effectively. The Foundation now 
ineorporates the earlier organization for the exchange 
of scientists and technicians. 

Concern is again expressed at the accelerated 
thythm of useless destruction and inconsiderate 
exploitation of Nature and natural resources, and the 
attention of Governments is directed to the need for 
eomnont at inter-African level in the protection of 
§ common economic and scientific inheritance. 

uch protection must be based essentially on a policy 


* Scientific Council for Af ca th Sahara. Publica 
No. 82: Ninth Meeti tee leation 
Leadon ng of the Scientific Council, Accra, 1958. Pp. 173. 


of rational utilization, and the Council recommended 
the urgent establishment of a committee for the 
conservation of Nature and natural resources in all 
African territories where no such organization exists ; 
the appointment of an inter-African scientific cor- 
respondent responsible for ensuring liaison between 
the various territorial committees, to follow the 
evolution of common problems, and to keep the 
Commission and the Council informed; and the 
preparation of a charter for the protection of natural 
resources applicable to all territories in the African 
continent. The protection visualized by the Council 
comprises the management and supervision of areas 
which are properly exploited so that the amount of 
products consumed is commensurate with real social 
and economic needs and the possible renewal of 
resources ; the establishment of adequate protective 
areas as indispensable reserves of flora and fauna ; 
and the establishment of national parks and special 
reserves to protect certain resources of particular 
interest or value, which would otherwise become 
extinct or be rapidly exhausted. 

Some change in the functions and activities of the 
Inter-African Bureau of Soils is recommended to the 
Third Inter-African Soils Conference to meet in the 
autumn of 1959, and the establishment of a panel 
of correspondents is recommended, as a matter of 
urgency, to cover physical oceanography, marine 
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biology, the technology of fishing and the treatment 
of sea products. An inter-African scientific cor- 
respondent for oceanography and _ sea _ fisheries 
should be appointed to activate this Panel. Subject 
to confirmation by the Commission, the Council 
decided to call a meeting of specialists in 1959 to 
study research and related work in Africa on viruses 
and rickettsis common to man and animals, with 
particular reference to modes of transmission, host 
species and reservoirs and methods of control. The 
Council also reeommended that the Commission should 
give closer consideration to the economic aspects of 
the technical problems with which it is dealing and 
that the Commission should undertake comparative 
studies of limited subjects of economic and financial 
interest, for example, the effect of demographic 
changes on economic development, and com- 
parative studies of methods applied to encour- 
age private investment and of methods for 
the stabilization of prices of agricultural pro- 
ducts. 

The most important development during the year, 
in respect of the Commission for Technical Co- 
operation in Africa, stressed in the Secretary-General’s 
report, is the establishment of the Foundation for 
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Mutual Assistance in Africa South of the Sahara, 
This Foundation will cover the provision of experts, 
advisers or the technical advice of specialized bodies - 
the provision of training facilities, for example, by 
organizing training centres in Africa of interest to 
several African countries; and the offer of equip- 
ment for research and education. However, the 
proceedings at the ninth meeting of the Scientific 
Council, the Secretary-General’s report, with its 
survey of activities in soils and ‘agriculture, in 
veterinary and medical science, in cartography, and 
in social, technological and economic matters, illus. 
trate even more strongly the important place which 
the Scientific Council has already come to occupy in 
the development of Africa South of the Sahara and 
its inherent advantages in enabling European 
scientists, institutes and technical departments to 
continue to play their part in supplying the scientific 
and technical assistance needed in Africa. Neither the 
work of the Council nor its opportunities are as ye: 
sufficiently known and the Bulletin, “Science. 
Afrique”, the twelfth number of which appeared ir 
September 1958, is a valuable supplement to this 
annual report for distributing information both about 
the Commission and the Council. 


THERMAL REACTIONS OF HIGHLY FLUORINATED 
CYCLOHEXADIENES* 


By B. GETHING, Dr. C. R. PATRICK and Pror. J. C. TATLOW 


Chemistry Department, The University, Edgbaston, 
Birmingham 15 


AND 
Dr. R. E. BANKS, Dr. A. K. BARBOUR and A. E. TIPPING 


Research Department, Imperial Smelting Corporation, 
Avonmouth 


IGHLY fluorinated cyclohexa-1:3- and -1: 4- 

dienes may be prepared from polyfiuorocyclo- 
hexanes'-*, by dehydrofluorination using aqueous 
alkali.*, ion exchange resins (Banks, R. E., Bevan, 
W. I., and Musgrave, W. K. R., unpublished results) 
or pyrolysis (Banks, R. E., and Tipping, A. E., 
unpublished results). The first aim of the work 
reported here was the conversion of fluorocyclohexa- 
1: 4-dienes into the more reactive and potentially 
more useful 1: 3-diene isomers. Further, it was 
hoped that the 1:3-dienes might be sufficiently 
unstable with respect to the related fluorobenzenes 
to make possible new syntheses of aromatic com- 
pounds from them. 

We now wish to report two new thermal reactions 
of highly fluorinated cyclohexadienes by which both 
these objectives have been achieved. When these 
compounds are heated to temperatures in the range 
250-600° C., in the absence of a reactive metal surface, 
isomerization is the predominant reaction. When the 
dienes are heated to similar temperatures in the 
presence of various metals, defiuorination is the pre- 
dominant reaction and fluorobenzenes are formed. 
These reactions may be carried out in a flow system 
or batehwise in pressure vessels. 


* British Patent Application Nos. 29173/58 and 29174/58 (Septem- 
ber 11, 1958). 


We have found that both octafluorocyclohexa-| : 3- 
diene and octafluorocyclohexa-1:4-diene are con- 
verted into a mixture of the dienes by passage through 
a tube heated to temperatures in the range 400- 
600°C. The best results were obtained using an 
unpacked nickel tube which had been ‘aged’ by 
carrying out several preliminary experiments, 80 
as to avoid defluorination by the clean metal surface. 
The contact times required to bring about this and 
other isomerizations are of the order of 5 min. or 
less. The compositions of the mixtures produced 
are not greatly dependent on either temperature or 
contact times, and it is probable that they are close 
to equilibrium compositions. It is reasonable to 
suppose that the equilibrium constant for an isomer- 
ization will have only a small temperature coefficient, 
since the energy differences between the isomers should 
presumably be of the same order as those between 
conjugated and non-conjugated hydrocarbon dienes, 
and these would appear to be small. This is su; 
by @ comparison of tabulated values of heats of 
hydrogenation of olefins‘. 

This isomerization reaction is general for highly 
fluorinated dienes. Thus, treatment of 1H-hepté 
fluorocyclohexa-1 : 3-diene!.* at 260° C. yielded a mix: 
ture of the starting material, 1H-heptafluorocycl- 
hexa-1:4-diene and 2H-heptafluorocyclohexa-l 
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diene. Also, during additions of fluorine to certain 
| :$-dienes for structure determination purposes, pro- 
ducts have been obtained®> which can arise only by a 
prior isomerization of the diene by a process of this 


be the course of these investigations some evidence 
was obtained for a disproportionation reaction of 
fuorodienes since, for example, under certain condi- 
tims some decafluorocyclohexene together with 
hexafluorobenzene were formed from  octafluoro- 
cylohexa-1 : 3-diene. This aspect was not pursued, 
however, since a more interesting effect was observed 
if fuorocyclohexadienes were passed over clean metal 
surfacesat 400-600°C. Defluorination occurred readily, 
and aromatic fluoro-compounds were formed in good 
yield. These defluorination reactions are best brought 
about using tubes packed with nickel or iron gauze or 
turnings to increase the area of metal surface avail- 
able, and with contact times of 2-5 min. As a conse- 
quence of the defluorination, the metal becomes 
coated with an impervious layer of fluoride and is 
deactivated, but the fluoride coating may be removed 
by the passage of hydrogen at temperatures greater 
than about 300° C. 

Both isomers of octafluorocyclohexadiene were 
converted in good yield to hexafluorobenzene*®. Small 
amounts of decafluorocyclohexene were also formed 
under certain conditions, apparently from the dis- 
proportionation reaction mentioned above.  1H- 
Heptafluorocyclohexa-1 : 3-diene gave, on defluorina- 
tion, a mixture of pentafluorobenzene’ and hexafluoro- 
benzene, the last in smaller amounts, formed perhaps 
by dehydrofluorination of the isomeric diene with a 
>CHF group. 1H: 5H-Hexafluorocyclohexa-1 : 4- 
diene’ was defluorinated to give chiefly 1: 2:3: 5- 
tetrafluorobenzene®, together with some pentafluoro- 
benzene. The high yields in which these benzenes 
are obtained, and the ease of preparation of some of 
the dienes, particularly the octafluorodienes, make 
this defluorination process a valuable method for the 
preparation of polyfluorobenzenes. 

These reactions are novel in the field of organic 
fluorine chemistry. So far as we are aware, isomeriza- 
tions of perfluoro-dienes have not been reported 
before and controlled defluorination processes of the 
tpe described here are rare, and have not been used 
synthetically. 

Reactions were carried out by passing the diene 
through a nickel tube (1 in. diameter, 2 ft. 6 in. long) 
ina stream of nitrogen (2 1./hr.). The central portion 
of the tube was heated in an electric furnace. Temper- 
atures were measured by a thermocouple placed on 
the outer wall of the tube in the centre of the heated 
zne. The products were condensed in a trap 
immersed in liquid air, and were analysed using gas 
chromatography. The components were separated 
by preparative-scale gas chromatography® and were 
identified by comparison of their infra-red spectra 
with those of authentic samples. For the isomeriza- 
tion reactions the best results were obtained after 
ageing’ of the tube, that is, after several runs had 
been carried out. 


Isomerizations. (1) Octafluorocyclohexa-1 : 4-diene 
(3:2 gm.) was passed through an ‘aged’ nickel tube 
heated to 450°. The product (2-9 gm.) was shown 
by analytical gas chromatography to contain 40 
per cent of the cyclohexa-1 : 3-diene. 

(2) 1H-Heptafluorocyclohexa-1 ; 3-diene (3-2 gm.) 
Was passed through an ‘aged’ nickel tube heated to 
760°. The products (3-1 gm.) were separated by gas 
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chromatography to give 1H-heptafluorocyclohexa- 
1:4-diene (0-94 gm.), 1H-heptafluorocyclohexa-1 : 
3-diene (1-28 gm.), and 2H-heptafluorocyclohexa-1 : 
3-diene (0-21 gm.). 

Defluorinations. In the following experiments the 
nickel tube was packed with Dixon gauze rings 
(1/16 in. x 1/16 in.). The metal became coated with 
metal fluoride during the defluorination and was 
regenerated between runs by passage of hydrogen at 
a rate of 5-10 1./hr. for about $-1 hr. The effluent 
gas stream contained hydrogen fluoride. Excess 
hydrogen was then removed by nitrogen before the 
diene addition commenced. 

(1) A mixture of octafluorocyclohexa-1:3- and 
1: 4-dienes (19 gm.) was passed in 3-ml. aliquots 
through the nickel tube packed with nickel Dixon 
gauze rings heated to 630-660°. After passage of 
each aliquot the metal was regenerated by hydrogen 
(5 l./hr. for 15 min.). The products were combined 
and separated by gas chromatography to give 
hexafluorobenzene (12:8 gm.) and decafluorocyclo- 
hexene (0:8 gm.). 

(2) 1H : 5H-Hexafluorocyclohexa-1:4-diene (3-2 
gm.) was passed through the nickel tube packed with 
nickel Dixon gauzes. The product (2-2 gm.) was 
separated by gas chromatography to give a mixture 
(1-7 gm.) shown by infra-red spectroscopy to contain 
1: 2:3: 5-tetrafluorobenzene (80 per cent) and penta- 
fluorobenzene (20 per cent). These two compounds 
cannot be resolved on the gas chromatography column 
packing used. 

(3) 1H-Heptafluorocyclohexa-1 : 3-diene (3-2 gm.) 
was passed at 540° through the nickel tube packed 
with nickel Dixon gauzes. The product (2-0 gm.) 
was separated by gas chromatography to give hexa- 
fluorobenzene (0:64 gm.) and pentafluorobenzene 
(0-98 gm.). 

(4) 1H-Heptafiuorocyclohexa-1 : 3-diene (3:2 gm.) 
was passed through the nickel tube packed with steel 
Dixon gauze rings and heated to 570°. Of the pro- 
duct (2:2 gm.), a portion (1-7 gm.) was separated by 
gas chromatography to give hexafluorobenzene 
(0-56 gm.) and pentafluorobenzene (1:00 gm.). 

(5) Octafluorocyclohexa-1:4-diene (5 gm.) was 
heated at 540° for 23? hr. in a nickel autoclave packed 
with mild steel tubes. The product (4:2 gm.) con- 
tained by weight hexafluorobenzene (40 per cent), 
decafluorocyclohexene (1 per cent), octafluorocyclo- 
hexa-1 : 3-diene (13 per cent) and starting material 
(46 per cent). 

(6) Octafluorocyclohexa-1:4-diene (21 gm.) was 
passed at the rate of 12 gm. per hr. through a mild 
steel tube heated to 500°. The product (17-2 gm.) 
contained by weight, hexafluorobenzene (55 per cent), 
decafluorocyclohexene (6 per cent), octafluorocyclo- 
hexa-1 : 3-diene (12 per cent) and starting material 
(27 per cent). 


1 Evans, D. } M., and Tatlow, J. C., J. Chem. Soc., 3779 (1954). 


Godsell, J. A. Stacey, M., and Tatiow, J. C., Tetrahedron, 2, 193 
(1958). 


2 Stephens, R., Tatlow, J. C., and Wiseman, E. H., J. Chem. Soc., 148 
(1959). 


3 Smith, R. P., and Tatlow, J. C., J. Chem. Soc., 2505 (1957). 

‘Ingold, C. K., “Structure and Mechanism in Organic Chemistry”, 
117 (Bell, London, 1955). 

ars Stephens, R., and Tatlow, J. C., J. Chem. Soc., 159 
(1959). 


* Godsell, J. A., Stacey, M., and Tatlow, J. C., Nature, 178, 199 (1956), 
? Stephens, R., and Tatlow, J. C., Chem. and Indust., 821 (1957). 
* Finger, G. C., Reed, F. H., and Oesterling, R. E., J. Amer. Chem. 
joc., 78, 152 (1951). 
* Evans, D. E. M., piesetnghems, W. E., Stacey, M., and Tatlow, J. C.; 
Nature, 182, 591 (1958). 
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A NEW GENERAL ROUTE TO AROMATIC FLUOROCARBONS* 


By B. GETHING, Dr. C. R. PATRICK, Pror. M. STACEY, F.R.S., an 
Pror. J. C. TATLOW 


Chemistry Department, The University, Birmingham 


N the preceding article’ it is shown that highly 

fluorinated cyclohexadienes may be defluorinated 
by nickel or iron at high temperatures to give poly- 
fluorobenzenes. It seemed possible that the sub- 
stantially lower stability, under these reaction condi- 
tions of the alicyclic relative to the aromatic systems, 
was not confined to di-olefins. Accordingly, we have 
investigated fluorocyclohexenes (Coe, P. L., Patrick, 
C. R., and Tatlow, J. C., unpublished work) and 
shown that fluorobenzenes may be obtained from them 
in good yield. This communication describes the 
further extension of the defluorination reaction to 
saturated alicyclic fluorocarbons. Again, defluorina- 
tion proceeded without difficulty, and we have made 
perfluorotoluene from perfluoromethylcyclohexane, 
perfluoroethylbenzene from perfluoroethylcyclohexane, 
perfluoro-p-xylene from perfluoro-1 : 4-dimethyleyclo- 
hexane, perfluorodipheny] from perfluorodicyclohexyl, 
and perfiuoronaphthalene from perfiuorodecalin. Per- 
fluorotoluene has been prepared before* in small 
yield by the addition of fluorine to trifiuoromethy]l- 
pentachlorobenzene followed by dechlorination, and 
perfluorodiphenyl has been made recently* by an 
Ullmann reaction on bromopentafluorobenzene. 

The method of defluorination consists in passing the 
fluorocarbon in a stream of nitrogen through a metal 
tube packed with small pieces of iron gauze, and 
heated to a temperature in the range 400-600°. 
There would seem to be no objection to the use of 
other metal packings; for example, nickel also is 
effective. The metal fluoride produced in the 
defluorination process may be reduced to metal by 
the passage of hydrogen to enable further defluorina- 
tions to be carried out. We have used a furnace 
system much larger than that employed in our earlier 
work’, in order to achieve longer contact times and 
to enable larger quantities of material to be handled. 

The new compounds prepared have the properties 
anticipated and appear to be fairly resistant to simple 
chemical attack. The detailed exploration of their 
chemical properties is in progress. Evidence for their 
identity has been provided by determinations of 
molecular weight, based on the mass of the parent 
molecule ion formed on electron impact, using a mass 
spectrometer, and by their giving ultra-violet and 
infra-red spectra consistent with their structures. As 
described before*, with sulphuric acid, perfluoro- 
toluene gave pentafluorobenzoic acid. 

We believe that this new synthetic method which 
we now describe represents a major contribution to 
fluoroaromatic chemistry. It provides the first 
general preparative route to the aromatic fluoro- 
carbon series, and thereby opens up a new field. 
Only two overall stages are involved, namely, fluorina- 
tion of a hydrocarbon followed by the defluorination. 
It also represents the first synthetic use for the satur- 
ated, fluorocarbons, no controlled chemical reactions 
of which have been known hitherto. The process can 

* British Patent Application No. 35520/58 (November 5, 1958). 


probably be extended to cover the preparation of 
hydrogen-containing aromatic fluorides, as is the 
case (ref. 1, and Coe, P. L., Patrick, C. R., and 
Tatlow, J. C., unpublished work) with fluorocyelo. 
hexenes and hexadienes. 

Alicyclic Fluorocarbons. These were prepared by 
the vapour-phase fluorination of toluene, ethy! 
benzene, p-xylene, diphenyl, and decalin, respectively, 
with cobaltic fluoride’. 

Defluorinations. The sample of material to be 
defluorinated was allowed to distil into a stream of 
nitrogen, and was carried through a nickel tube 
(diameter 2} in., length 4 ft.), packed with small 
pieces of iron gauze and heated over most of its 
length by an electric furnace. Over the central 
portion (about 2 ft. in length) the temperature was 
sensibly constant to within about 5° C. during any 
experiment. The rate of flow of nitrogen measured, 
using a calibrated ‘Rotameter’ flowmeter, was main- 
tained constant during each experiment. The 
reaction products were collected in a trap immersed in 
liquid air. After each reaction the metal fluoride 
produced by the defluorination process was reduced 
to metal by passage of hydrogen at temperatures 
between 300° and 600° C., enabling further reactions 
to be carried out. Excess hydrogen was then removed 
in the nitrogen stream. 

Perfluorotoluene. Perfluoromethyleyclohexane (17:8 
gm.) was passed through the reactor at 500° in a 
stream of nitrogen (2 l./hr.). The product (11-6 gm.) 
was separated by gas chromatography’® to give per- 
fluorotoluene (3 gm.). boiling point 102-3°, np 
1-3680 (found: C, 35°5; F, 64-1; calculated for 
C,F,: C, 35-6; F, 64-4 per cent). Mass spectro- 
metry: principal mass peaks: 236, C,F,; 21%, 
C,F,; 167, CeF,; 148, C.F,; 129, C.F,; 69, CF;. 
Perfluorotoluene (3:2 gm.) and concentrated sul- 
phuric acid (2-5 gm.) were heated at 160° in a sealed 
tube for 12 hr. The product was poured into iced 
water, the solution made alkaline, filtered and 
extracted with ether. Acidification of the aqueous 
solution precipitated most of the product ; the rest 
was isolated by continuous extraction with ether. 
Recrystallization from toluene -light petroleum 
(boiling point 60-80°) gave pentafluorobenzoic acid 
(1-8 gm.), melting point 104-105°, undepressed in 
admixture with an authentic specimen’. 

Perfluoroethylbenzene. Perfluoroethyleyclohexane 
(9-1 gm.) was passed in a stream of nitrogen (6 1./hr.) 
through the reactor at 490° and gave a product 
(4-9 gm.) which was separated by gas chromatography 
to give perfluoroethylbenzene (1-5 gm.), boiling 
point 114-115°, n} 1-3620 (found: C, 33-2; F, 
66-0; C.F,. requires C, 33-6; F, 66-4 per cent). 
Mass spectrometry: principal mass peaks: 286, 
267, C,F,; 217, C,F,; 167, C,Fs. 

Perfluoro-p-xylene. Perfluoro-1 : 4-dimethyleyelo- 
hexane (9-1 gm.) was passed through the reactor at 
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660° in a stream of nitrogen (2 l./hr.) and gave a 
product (5-9 gm.) which was separated by gas 
chromatography to give perfluoro-p-xylene (2-9 gm.), 
boiling point 117-118°, nj 1-3610 (found: C, 
33-9; F, 66-3 per cent). Mass spectrometry : 
principal mass peaks : 286, C.F 0; 267, C,F,; 217, 

Perfluorodiphenyl. Perfluorodicyclohexy] (5-2 gm.) 
was passed through the reactor at 390° in a stream of 
nitrogen (2 l.fhr.). The product (0:8 gm.) was 
recrystallized from benzene to give perfluorodiphenyl 
(0-5 gm.), melting point 67-69°. The value cited 
in the literature* was 70°; a mixed melting point of 
the two samples showed no depression, and their 
infra-red spectra were identical. 

Perfluoronaphthalene. Perfluorodecalin (19-2 gm.) 
was passed in a stream of nitrogen (2 1./hr.) through 
the reactor at 500°, and gave a product which con- 
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tained a solid. After being filtered off and recrystal- 
lized from benzene, this gave perfluoronaphthalene 
(5-8 gm.), melting point 86-87° (found: C, 44:3; 
F, 55-3 per cent; M (ebullioscopically in benzene) 
260 +10. C,,F, requires C, 44-1; F, 55-9 per cent ; 
M, 272). 

We thank Dr. J. R. Majer for the mass spectro- 
metric results. 
a “—, B., Patrick, C. R., Tatlow, J. C., Banks, R. E., Barbour, 

A. K., and Tipping, A. E., Nature (in the press). 


2 McBee, E. T., Lindgren, V. V.,and Ligett, W. B., Indust. Eng. Chem.» 
39, 378 (1947). 


* Stay" Stephens, R., and Tatlow, J. C., J. Chem. Soc., 166 
a 


4 McBee, E. T., and Rapkin, E., J. Amer. Chem. Soc. , 78, 1366 (1951). 
5 Barbour, A. K., Barlow, G. B., and Tatlow, J. C., J. App. Chem., 2, 
127 (1952). 


* Evans, D. EH. M., Massingham, W. E., Stacey, M., and Tatlow, J. C., 
Nature, 182, 591 (1958). 


FEEDBACK THEORY OF HYDROGEN OVERVOLTAGE 


By J. F. CHITTUM 
California Research Corporation, La Habra, California 


NDICATIONS have been found that hydrogen 

overvoltage is related to hydrogen adsorption on 
cathodes'. This evidence leads me to suggest a 
feedback theory of hydrogen overvoltage based on 
the hypothesis that a metallic-bonded hydrogen — 
metal complex exists on the surface where hydrogen 
is evolved. This complex H(M) raises electron 
energy-levels on the metal side of a cathode’, as 
shown in Fig. 1. (Where hydrogen is metallically 
bonded to the metal and of hydrogen as a metal is 
less than @ of the metal, the @ of the complex should 
be less than @ of the metal.) The hydrogen evolution 
reaction will not proceed at equilibrium potential 
unless the complex is maintained on most of the 
surface to make a pure electrode, and a zero current 
overvoltage is required to maintain the layer of 
complex. 


BE 


METAL SOLUTION 


Fig. 1. Electronic energy levels at a cathode where the hydrogen 
evolution reaction occurs 


Experimental data on hydrogen adsorption energy 
for hydrogen-covered metals are few. Beek® reports 
18-20 keal./mole for rhodium (and presumably 
platinum, palladium, etc.), and 10-13 kcal./mole 
for nickel, iron, tungsten and tantalum (and pre- 
sumably many other metals). Estimated hydrogen 
adsorption energies for mercury, thallium, and lead 
covered with hydrogen are 6-8 kcal./mole. These 


energies are much lower for covered metals than for 
clean metals*, and the latter energies are even partly 
reversed ; that is, greater for tungsten and tantalum 
than for platinum and palladium. Decreased hydro- 
gen adsorption energy with increased surface coverage 
may be due to residual covalent metallic bonding by 
s electrons of hydrogen and metal atoms after the 
combined s, », d bonding‘ is used up. At least if the 
barrier-lowering hydrogen adsorption energy for 
covered metals is higher, overvoltage is lower, and 
overvoltage mechanisms can thereby be divided into 
three groups. 

Steps in three hydrogen evolution reaction mechan- 
isms for metal groups, f’, J, and S, are shown in Table 
1 for acid solutions. The F metals include mercury, 
thallium and lead with feeble hydrogen adsorption on 
covered surfaces. The J metals include cadmium to 
nickel, with intermediate hydrogen adsorption 
energies on covered surfaces. The S metals include 
platinum, palladium, rhodium, etc., with the strong- 
est adsorption on covered surfaces. In Table 1, x 
under F, I, or S indicates a hydrogen evolution 
reaction step for metals in the group and X indicates 
the rate-determining step for each mechanism. Steps 
1, 3 and 5 are so rapid that they do not influence 


Table 1. OUTLINE OF STEPS IN THE FEEDBACK THEORY OF HYDROGEN 
OVERVOLTAGE IN ACID SOLUTIONS 


Metal : 
No. Steps in the hydrogen evolution reaction 


H,0+ (s) = H,0* (M) 


1 

2a H,0* (M) + (M) = H(M) + H,0 
2b* = H(M) 
3 

4 

5 


O+ (M) + e~ (H(M)) = H(M) + H,0 
2H(M) = H,(M) 
$H,(M) = (/) 


* Essential step in the feedback eo 

(s),in solution ; (M),on or from metal; (H(M)), from chemisorbed 
hydrogen ; (f),free; 2, step in hydrogen evolution reaction ; X, slow 
step in the reaction. 

metals: mercury, thallium and lead. 

I metals: cadmium, beryllium, neodymium, aluminium, copper, 
gallium, iron, silver, etc. 

S metals: platinum, palladium and rhodium. 


3 
ion. of 
ed by 
ethy! 
ively, 
tube 
small 
tal 
oride = 
luced 
tures 
tions J 
oved 
(17-8 3 
per. 
1 for aa 3 
ctro- 
CF. 
sul 
eous 
ther. 
eum 
acid M Hi(M) 
1 in 
cane g 
x 
phy 2 & 
F, 
nt). 
286, 
iclo- 
r at 


NATURE 


February 28, 1959 VOL. 183 


STEPS IN THE REACTIONS 


(2) The Tafel equation, n= 


A +B log i, ori = 


5. RT). ig 


O 


c (a) Constant A is related to 
0 hydrogen adsorption because the 

rate of complex formation jn. 
creases with the energy of 
hydrogen adsorption on covered 


metals. 

(b) « =2-0 and B = 0.099 
for S metals, whereas « = } and 
B=0-114 for other metals, 
because the slow step in the 


hydrogen evolution reaction on 
S metals is 2H(M) = H,(M), 
P and two reaction units form a 
O unit product ; whereas the slow 
Oo step on I metals is $H,(M) = 


O 
O 
0 
o | 


Fig. 2. Mechanisms of feedback theory for menage evolution reactions. 
» hydrogen ion; 


O, hydrogen atom ; 


O, water molecule ; 
molecule ; e, electron 


atom ; 


overall rates. Steps 2a, 2b, and 4 only are sensitive 
to the energy of hydrogen bonding on covered 
surfaces. 

Two competitive steps 2a and 26 are available for 
forming the complex : (a) step 2a occurs on F metals 
because hydrogen adsorption by 26 is slower, and 
(b) step 2b, the feedback part of the reaction, occurs 
on J and S metals at a rate that obviously depends on 
hydrogen adsorption energy. Step 2b is slower than 
step 2a for F metals; it is faster than step 2a for J 
metals, although slow enough to be rate determining ; 
and it is so fast for S metals that it is not rate determ- 
ining. Transitions in mechanisms may occur, so 
that S metals can act like J metals if the hydrogen 
adsorption energy decreases further. Step 2b is the 
reverse of step 4. This feedback then has the effect 
with S metals that only half the complex, produced 
in steps 2b and 3, reacts in step 4. Also, groups J 
and S differ in that, for J metals, step 2b is slower than 
step 4 so that step 2b must rebuild sufficient complex 
to maintain the current density ; for S metals, step 4 
is slower than step 2b and so step 4 is rate determin- 
ing. Feedback differences are shown in Fig. 2 for 
areas initially deficient in the complex. 

Significant experimental results about hydrogen 
evolution reactions are listed below with explanations 
from the feedback theory. 

(1) General observations. 

(a) Platinized platinum or any highly spongy 
metal has a low overvoltage because the spongy 
metals offer an enormous ratio of actual to measured 
surface area for combination of hydrogen. 

(b) The hydrogen adsorption poisoning of metals 
results in increased overvoltage’ because poisoning 
decreases the hydrogen adsorption energy. 

(c) Hydrogen overvoltage increases with time 
(linearly for F metals, erratically for others)*. For 
F metals, build-up of the complex and charging of 
the condenser by step 2a should control this increase. 
For J and S metals, hydrogen adsorption energy 
decreases as surface coverage increases. 

(d) Overvoltage changes with pH and the rature of 
the solvent? because hydrogen adsorption energy 
caanges, and overvoltage decreases with increase in 
pressure for J metals* because rate of hydrogen 
aasorption increases. It is independent of pressure for 
F metals® because molecular hydrogen does not enter 
into the slow step. 


H(M), and half a reaction unit 
forms*%a unit product. 

(c) i) for metals is a straight- 
line function" of @ because Ag 
must increase with 9. 

(d) At high current densities, polarization curves 
may show breaks indicating an increase in B in the 
Tafel equation up to that shown by J metals". 
Breaks occur for some S metals because of decreased 
hydrogen adsorption energy upon more complete 
coverage, and for special metals (tungsten, tantalum, 
chromium and silver) because low current density 
polarization may be H controlled by hydrogen diffu- 
sion?®, 

(3) Hydrogen — deuterium separation. 

Hydrogen — deuterium separation factors divide 
metals into two groups: (1) F' metals and possibly 
border-line metals which have factors about 3, and 
(2) other metals which have factors’ of about 6. 
This division may occur because the activation energy 
for the reaction : 

D+H,0 = HDO +H 


is such as to give a separation factor of about 3 fora 

single chance of an exchange of F metals. The feed- 

back step, 2b, for J and S metals would about double 
the chance of an exchange and double the factor. 
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Occurrence of p-Serine in Lombricine 


OMBRICINE (guanidinoethyl seryl* phosphate) 
was isolated from earthworms (Lumbricus terres- 

tris) by Thoai and Robin', and on the basis of paper 
chromatographic identification of the products of 
acid hydrolysis the following structure was suggested : 


NH, 


C O 
4 .CH,.CH,.0.P.0C.H,.CH.OCCH 


OH NH, 


This structure has been confirmed by unequivocal 
synthetic routes using DL- and L-serine (Beatty and 
Magrath, following communication). For obvious 
reasons, it was assumed that the L-enantiomorph was 
present in the natural product ; but comparison with 
the synthetic product indicated that this was not 
the case (following communication). It has now been 
found that the p-isomer is actually present. 

A sample of natural lombricine® (580 mgm.) was 
hydrolysed in a sealed tube in 6 N sulphuric acid at 
110°C. for 24 hr. The serine present in the hydrolysate 
was isolated using ion-exchange and paper chromato- 
graphy to give a final yield of 42 mgm. This material 
was free from guanidinoethyl phosphate and other 
hydrolysis products as shown by paper chromato- 
graphy, using appropriate solvent systems and 
sprays. Recrystallization from aqueous ethanol 
yielded crystals ([«]p = + 7-40° in water; melted 
with decomp. at 217°, uncorr.) which were identical 
in chromatographic behaviour in a number of solvent 
systems with p-serine. 

A sample of the crystalline material was examined 
for its ability to function as a substrate for a crude 
preparation of sheep kidney p-amino-acid oxidase’. 
An authentic sample of L-serine was not oxidized by 
this preparation. In the case of the isolated material 
the amount tested (3-6 mgm.) yielded an oxygen 
uptake (over 45 min.) identical with that of 
an equivalent amount of authentic D-serine. The 
‘D-amino-acid oxidase was without effect on natural 
lombricine, synthetic px-lombricine and synthetic 
DL-aminoethyl seryl phosphodiester‘. 

Initial attempts to use an unfractionated hydro- 
chloric acid hydrolysate product of lombricine as sub- 
strate for the enzyme failed because of the inhibitory 
quality of the hydrolysate. Whether this was due to 
some product(s) of hydrolysis or to some accidental 
contaminant is not known, but the result does cast 
doubt on the allocation of an L-configuration to the 
seryl moiety of aminoethyl seryl phosphodiester 
isolated from turtle muscle®. The evidence for this 
rests solely on the inability of a p-amino-acid oxidase 
Preparation to oxidize the serine component of an 
unfractionated snake venom hydrolysate of the com- 
pound. If, as has been suggested?, the aminoethyl 
seryl diester isolated from earthworms is the bio- 
logical precursor of lombricine, it follows from the 
present results that, in the earthworm at least, the 
Serine moiety of aminoethyl seryl diester would 
have a »-configuration. 

_ The few claims for the presence of p-amino-acids 

jm animal tissues have not met with general accept- 


for In this and the following communication the term ‘seryl’ is used 
convenience and refers to the ‘2-amino-2-carboxyethyl’ group. 
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ance*-§. The configuration about the «-carbon atom 
of the ‘alanine’ moiety of octopine has been considered 
by some to be p-’.§, but this conclusion seems un- 
warranted on the basis of the evidence available’. 
This report, therefore, constitutes the first occasion 
on which a pD-amino-acid has been unequivocally 
shown to exist in animal tissue. 

The presence of p-serine in lombricine suggests that 
this isomer may also be present in other compounds 
(for example, phospholipids and proteins) in the 
earthworm and, indeed, that it may not be the only 
D-amino-acid which occurs in this creature. It is 
hoped that work at present in progress will shed 
some light on these possibilities. The full report of 
this will be published elsewhere. 

Iva M. Beatry 
D. I. MacratH 
A. H. ENnor 
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Synthesis of pi- and .-Lombricine 


On evidence based mainly on the paper chromato- 
graphic identification of the products of acid hydro- 
lysis, it was concluded that lombricine was a mixed 
phosphodiester of serine and guanidinoethanol’. The 
amount of material isolated was small, and the con- 
figuration of the serine moiety was not investigated. 

We wish to report the synthesis of pi- and L-lom- 
bricine by a route which confirms the structure 
allocated! and further indicates that the seryl residue 
in natural lombricine has the p-configuration. DL- 
and u-seryl aminoethyl phosphates were synthesized 
from the corresponding protected serine derivatives 
and N-carbobenzoxyethanolamine by a ‘staggered’ 
reaction with monophenylphosphorodichloridate, 
according to the method of Jones and Lipkin*. 
Subsequent reaction with O-methyl isourea in aqueous 
solution at approximately pH 11 resulted in selective 
conversion of the aminoethyl residue in these com- 
pounds to a guanidinoethyl residue, giving DL- and 
t-lombricine in more than 70 per cent yield. Pre- 
liminary attempts to protect the «-amino group of 
the seryl moiety during the reaction with O-methyl 
isourea, by forming a complex with copper (ef., for 
example, the preparation of arginine from ornithine’*), 
led to extensive degradation of the molecule. Lom- 
bricine was found to be similarly unstable in the 
presence of copper, and the mechanism of the 
degradation is being investigated. 

Both synthetic products crystallized from aqueous 
alcohol as colourless rods, the pL- melting at 216°C. 
(decomp.) and the L- at 226° (decomp.); natural 
lombricine*, 224° (decomp.) (Thoai and Robin’ give 
223-24°). All samples showed discoloration before 
melting and the melting point varied appreciably 
according to the rate of heating and state of sub- 
division. Analysis: cale. for CsH,;0.N,P: C, 26-6; 
H, 5-5; N, 20-8; P, 11-5 per cent; found: DL-: 
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C, 26-5; H, 5-6; N, 20-9; P, 11-6; L-: C, 26-6; 
H, 5-6; N, 20-7; P, 11-6 per cent. 

Both the synthetic compounds had Ry values 
identical with the natural product in a number of 
solvent systems. Similarly, the acid hydrolysates 
(6 N sulphuric acid, 110°, 8 hr.) of all three gave 
identical patterns of ninhydrin, «-naphthol-diacetyl® 
and molybdate* reacting spots, which corresponded 
with markers of authentic serine, guanidinoethanol 
and guanidinoethyl phosphate (synthesized in 84 per 
cent yield by reaction of ethanolamine phosphate 
with O-methyl] isourea in aqueous alkali). 

pKa values (potentiometric): pDiL-, 2-19, 8-9; L-, 
2-16, 8-93; natural, 2-32, 8-9. The infra-red spec- 
trum (potassium bromide disk) of the L-isomer was 
identical with that of natural lombricine, but differed 
significantly from that of the pL-compound. 

For the L-isomer, [a]}%* = — 13-0 (c. = 0-81 in 
water), for the natural, + 14-5 (c. = 0-93 in water), 
indicating a p-configuration in the serine moiety of 
natural lombricine. 

The synthesis of p-lombricine by a route analogous 
to that described above is in progress. It may also 
be noted that a product having the expected 
chromatographic and chemical properties (stability 
to acid, spray reactions, etc.) of the naturally 
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occurring phosphagen, N-phosphoryllombricine!,’, has 
been obtained by reaction of N-phosphory] O-methy] 
isourea® with seryl aminoethyl phosphate under 
similar conditions. 

Full details of this work will be published else. 
where. 

We are indebted to Dr. H. Rosenberg for a 
of natural lombricine, and to Drs. J. E. Fildes, D, 
Perrin and E. Spinner for microanalyses, pK values 
and infra-red spectra, respectively. Phosphorus 
analyses were carried out by Mr. B. Thorpe. 


Iva M. Beartry 
D. I. Macrata 


Department of Biochemistry, 
John Curtin School of Medical Research, 
Australian National University, 
Canberra. 
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STRUCTURE OF c-KERATIN 


By Dr. R. D. B. FRASER, T. P. MACRAE and Dr. G. E. ROGERS 


Division of Protein Chemistry, Wool Research Laboratories, Commonwealth Scientific and Industrial Research 
Organization, Parkville, N.2, Melbourne 


HE examination of thin sections of developing 

hair'.* and fragments of chemically degraded 
wool*.* in the electron microscope has led to the 
view that a-keratin consists of microfibrils about 
60-80 A. in diameter embedded in a matrix rich in 
sulphur. Confirmation of this structure by direct 
examination of intact, fully hardened keratin fibres 
is highly desirable but has been hampered by the 
difficulty of obtaining suitable sections. Mercer has 
alluded to a confirmation of this structure’ but has 
not reported his findings in detail. We have found 
that by combining electron microscope observations 
with parallel studies of low-angle X-ray diffraction 
and measurements of infra-red dichroism, an elabora- 
tion of earlier notions of the molecular organization 
in «-keratin is possible. 

A typical result obtained when reduced keratin 
fibres are treated with osmium tetroxide and examined 
in cross-section is shown in Fig. 1, in which fine 
fibrils about 70 A. in diameter are revealed by the 
greater concentration of osmium in the surrounding 
material. This shows at once that the microfibrils and 
matrix seen in developing hair retain their identity 
in fully hardened keratin. The nature and perfection 
of the microfibril packing are found to vary accord- 
ing to the origin of the keratin, being in some cases 
predominantly near-hexagonal (Fig. 1), while in 
others there is evidence of the spiral aggregates seen 
in developing hair'.*.5. 

In the tip of the quill of the North American 
poreupine and in human hair areas of near-hexagonal 

scking are interspersed with regions of alternating 
ight and dark bands (Fig. 2). This may indicate the 
presence of a monoclinic or random layer lattice in 
which osmium penetrates readily along only one 


Fig. 1. Cross-section of a Lincoln wool fibre stained with osmium 

tetroxide after partial reduction of the disulphide linkages. 

Portions of several cortical cells are separated by dense bands 0 
intercellular cement. (x 200,000) 
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Fig. 2. Cross-section of North American porcupine quill-tip 

(Erethizon sp.) treated as in Fig. 1. The area of near-hexagonal 

packing of microfibrils adjoins a region where the microfibril- 

matrix complex appears s 300,000) light and dark bands. 
x 


crystallographic plane, and would be consistent with 
the notion that the microfibrils are polarized, either 
physically or chemically, so that they tend to aggre- 
gate in sheets'*. On the other hand, the alternating 
bands could be due to a hexagonal lattice viewed 
obliquely in crystallites where the direction of the 
microfibrils is not accurately perpendicular to the 
plane of the section. In Merino wool there is a sharp 
contrast between the orthocortex and paracortex, the 
microfibril packing is almost entirely near-hexagonal 
in the paracortex, while in the orthocortex spiral 
aggregates similar to those seen in developing hair 
predominate. 

The diameter of the microfibrils is difficult to 
éstimate accurately, but appears to be smaller in 
Merino than in Lincoln wool. Whether this is due to 
4 variation in the extent to which osmium penetrates 
the microfibril or to a genuine structural difference is 
uncertain. 

The equatorial low-angle X-ray diffraction pattern 
of a-keratin is complex but is dominated by three 
maxima which may be interpreted as lattice reflexions, 
combinations of lattice reflexions, in which the 
intensity is determined by both the shape of the 
microfibril and the difference in scattering power 

en microfibril and matrix*. When wool, hair 
or quill-tip is treated with osmium tetroxide these 
Miflexions are intensified’, but an even greater 
intensification may be obtained by prior reduction 
of the (A + B) fraction of the cystine residues. As 
the osmium is now known, from the electron micro- 
gtaphs, to be concentrated in the matrix after this 
Weatment, it is likely that the effects are additive, 
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that is to say, the osmium is also preferentially 
deposited in the matrix in non-reduced fibres. The 
contrast in this case does not appear to be sufficient, 
however, to be detected by electron microscopy. 

There is a good deal of indirect evidence to suggest 
that the microfibrils are the entities responsible for 
the high-angle X-ray diffraction pattern of «-keratin 
and that the matrix is largely non-crystalline. The 
present work lends considerable support to this view 
as the deposition of osmium in the matrix either 
before or after reduction has virtually no effect on 
the high-angle pattern. Osmium tetroxide reacts 
with a rather wide variety of chemical groupings*® 
and the preferential deposition of osmium in the 
matrix even before reduction would be consistent 
with a less well-organized arrangement of polypeptide 
chains in this component. 

The additional deposition of osmium in the matrix 
following reduction of the (A + B) fraction® of the 
cystine residues suggests that this fraction is con- 
centrated in the matrix. There is a considerable 
body of chemical evidence which shows that proteins 
of much higher cystine content than whole wool may 
be extracted, and the present work supports the view 
that these originate in the matrix. Further support 
for this conclusion is obtained from the observation 
that reduction and labelling of the (A + B) cystine 
with the specific reagents methyl mercury iodide and 
neohydrin lead to an intensification of the low-angle 
equatorial reflexions, although this is much less than 
with osmium. 

The spacing of the innermost equatorial reflexion 
has been suggested previously to be the distance 
between adjacent layers in spiral aggregates or the 
10-0 reflexion of the areas of hexagonal packing’. 
This spacing has now been measured with greater 
resolution than in previous work and is found to 
vary with the origin of the keratin as shown in 
Table 1. It is interesting to note that the spacing 
in untreated hair is considerably greater than that 
of quill or wool and may be correlated with the 
higher cystine content of this material. The small 
but definite increases observed when keratin fibres 
are reduced and treated with osmium are also given. 
The measured spacings in these specimens 
sufficiently well with those determined directly from 
the electron micrographs to confirm the interpretation 
given previously. 

In simple polymers such as cellulose, crystallinity 
is a well-defined property which has an important 
bearing on its physical properties and may be investi- 
gated by X-ray diffraction methods, water absorption 
isotherms and by studying the extent to which the 
potentially replaceable hydrogen atoms in the 
structure are replaced by deuterium’®. The term 
crystallinity is also used in discussing the properties 
of keratin, but certain important differences between 
the significance of the term in the two instances 


Table 1 


Approximate spacing of 
innermost equatorial reflexion 
measured in racuo over 
phosphorus pentoxide 


Reduced and 
treated with 
Os0, 


Cystine 
content as 
reentage 
total nitrogen 


Keratin 
Untreated 


Porcupine 

quill-tip 77 
Lincoln wool 79 
Merino wool 80 
Human hair 87 


j 
83 
4 
| 
82 
82 
87 
95 
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emerges from the present work. Although precise 
measurements are difficult to make, preliminary 
studies suggest that the fractional increase in the 
innermost equatorial X-ray spacing when dry keratin 
fibres are hydrated is about the same as the frac- 
tional increase in the fibre diameter. In contrast, the 
increase in the spacing of the high-angle maximum 
is only about 5 per cent. It may be concluded, 
therefore, that the microfibril lattice expands to a 
greater extent than does the interchain distance 
within the microfibrils. This suggests either that the 
hydrophilic side-chains are concentrated in the 
matrix or that a proportion of the sorption sites 
located within the microfibrils are inaccessible. <A 
similar conclusion may be drawn from our own” and. 
other studies! of the hydrogen — deuterium exchange 
reaction by infra-red spectroscopy, in which the 
inaccessible peptide linkages have been shown to be 
concentrated in the oriented regions of the fibre. In 
addition, we have found that supercontraction in 
cuprammonium hydroxide, which from X-ray evi- 
dence is known to disorganize the internal structure 
of the microfibrils, increases accessibility, whereas 
reduction and substitution of the (A + B) fraction 
of the cystine, now presumed to be concentrated in 
the matrix, has little effect. 

As regards sorption of water, accessibility to 
deuterium and high-angle X-ray diffraction, the 
microfibrils appear to behave very much like the 
crystallites of simpler polymers, but so far as we are 
aware there is no evidence that they are true crystal- 
lites in the crystallographic sense. It is more likely 
that the asymmetric unit is, in fact, an approximately 
cylindrical assembly of polypeptide chains about 
70 A. in diameter and 200 A. long. At present there 
does not appear to be any evidence of the arrange- 
ment of the polypeptide chains within the asymmetric 
unit apart from the general conclusion that they 
occur as groups of compound «-helices". 

By combining estimates of microfibril diameter 
obtained from electron micrographs with the spacing 
of the innermost reflexion of the low-angle equatorial 
X-ray pattern in untreated keratins, a crude estimate 
of the relative proportions of microfibril and matrix 
may be obtained if the packing is assumed to be 
hexagonal. Estimates obtained in this way vary 
considerably but suggest that the matrix constitutes 
between a quarter and a half of the cortex in wool. 
If the cystine in wool is, in fact, concentrated in the 
matrix, it should therefore account for about 12-24 
per cent of the nitrogen in the matrix protein, 
assuming equal densities and mean residue weights 
in the microfibril and matrix. Protein fractions with 
cystine contents in this range have, in fact, been 
isolated from wool and probably originate in the 
matrix". 

It has been suggested that the bulky side-chains 
in wool are confined to the amorphous regions!*, and 
if these are identified with the matrix the upper 
estimate of its proportion is, in fact, sufficient to 
accommodate all the cystine, arginine, aspartic and 
glutamic acids, lysine and tyrosine. However, 
analyses of the proteins rich in sulphur’ do not 
support such a heterogeneous distribution of com- 
position. Evidence has also been obtained which 
indicates that a significant proportion of the tyrosine 
is regularly disposed along the length of the micro- 
fibril’, which again does not accord well with this 
view. As the interchain spacing in the microfibril 
expands on hydration of the fibre! it may be possible 
for reagents to enter the microfibrils to some extent, 
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in which case the relegation of residues such as tyrosing 
and lysine to the matrix on the score of their complete 
accessibility’® to chemical reagents may not be 
justified. 

In conclusion, the close analogy between globular 
protein crystals and «-keratin may again be emphas- 
ized'’. In @ sense the matrix in a-keratin may be 
regarded as the counterpart of water of crystallization 
in globular protein crystals, and this analogy is rein. 
forced by the way in which the intensities of tho 
low-angle X-ray reflexions in both cases vary with 
the electron density in the spaces between the 
organized particles, and also by the effect of water. 
content on the perfection of the X-ray diagram". 
The replacement of water, or rather dilute protein 
gel, between the microfibrils by matrix substance js, 
in fact, observed during biosynthesis of keratin 
fibres?,?, 

The extent to which the spiral aggregates, formed 
prior to keratinization, persist in the keratinized 
fibre varies considerably. The extent of rearrange. 
ment to a near-crystalline form is very advanced in 
quill-tip and virtually complete in the paracortex of 
Merino wool, whereas in the orthocortex it is only 
rudimentary. It appears, therefore, that the process 
of keratinization inhibits the crystallization of the 
microfibrils at various incomplete stages depending 
upon the origin of the keratin. The transition from 
the spiral aggregate to the hexagonal or monoclinic 
forms is probably related to the greater stability of 
the latter as the size of the aggregate increases. It 
may be shown, by the same argument as used by 
Crick!® in discussing the formation of compound 
helices, that stable aggregates of rods with helical 
grooves, or helical lines of greatest attraction, can be 
formed in which successive layers lie on the circum- 
ferences of concentric cylinders. The contacts between 
cylinders in the same layers and adjacent layers can 
be made close to optimum provided the angle of 
pitch increases by a constant amount in successive 
layers. The stability, however, decreases rapidly 
when the pitch angle becomes appreciable, and with 
further growth a reorganization to a hexagonal form 
becomes the more stable arrangement. 

Thanks are due to Drs. H. Lindley and S. J. Leach 
for helpful discussions, and to Miss C. M. McKinnon 
for technical assistance. 
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LETTERS TO 


GEOLOGY and GEOPHYSICS 


Isotopic Composition of Lead from 
British Mineral Deposits 


Ir is well established that in many cases there is 
anapproximate relation between the isotopic composi- 
tion of common lead and the geological age of the lead- 
bearing mineral deposit, especially when the latter 
is closely connected with major igneous activity. 
An isotopic study of several British lead ores (mainly 
galena) has given preliminary results which clearly 
indieate the usefulness of the method from a geo- 
logical point of view. In the case of the British 
deposits the geological setting is usually well estab- 
lished, while Dunham has reviewed the structural 
and field evidence for their age’. © 

The model chosen for calculation of ages from the 
isotopic composition is that of Houtermans* and 
Geiss’, using Patterson’s values‘ for the isotopic 
composition of primeval lead from iron meteorites 
and modern lead from ocean sediments, together 
with generally accepted values of uranium and 
thorium decay constants (see footnote to Table 1). 

Isotopic measurements were carried out with a 
Metropolitan- Vickers solid-source mass spectro- 
meter using the triple-filament volatilization tech- 
nique on precipitated lead sulphide. The observed 
abundance ratios were multiplied by the square root 
of the mass ratio to correct for mass discrimination 
in the electron multiplier. 

Results are presented in Table 1. Within each 
group, well-located samples have been chosen from 
a representative area. In most cases the observed 
ratios lead-206/lead-204, lead-207/lead-204, lead-208/ 
lead-204 agree within experimental error for samples 
within a given group. The error of each average 
indicated for these ratios in columns 3, 4 and 5 
represents a 95 per cent confidence-level. 

The errors given for the average model age in 
column 6, as well as for the uranium-238/lead-204, 
thorium-232/uranium-238 ratios, are calculated from 
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the experimental error only. The absolute error is 
not yet known with certainty, but is thought to lie 
within similar limits. Absolute age-determinations 
on uranium minerals from some Cornwall lodes should 
provide a useful reference point in this connexion. 

With the assumptions made in the model, the 
proved Permo-Carboniferous (Hercynian) ores of 
south-west England give a model age of 280 + 30 
million years, which is somewhat higher than the 
average value of 220 million years assumed by Holmes 
for Hercynian leads*®. However, in view of the fact 
that some extension of the Holmes time-scale* is 
indicated by recent potassium-—argon work in this 
laboratory on Hercynian and Caledonian igneous 
rocks from Great Britain’, it was decided to retain 
the higher value for the time being. 

There is striking agreement in the model ages and 
geochemical ratios (columns 7 and 8) between 
south-west England, the northern Pennines and the 
Lake District. This suggests that the mineralization 
in all three areas is connected with Hercynian igneous 
activity’* and derived from similar source material. 
The suggestions that: (a) the northern Pennine 
mineralization is Tertiary in age®; (b) the greater 
part of the Lake District mineralization is either 
connected directly with the known Caledonian in- 
trusions’ or Tertiary in age*, are not supported by 
the isotopic data. 

Two measured samples from the Lake District 
have not been included in group 3. These come from 
the Shap Blue Rock Quarry, Westmorland (kindly 
supplied by Dr. R. J. Firman), and from the Ruth- 
waite Lodge Vein, Grisedale, near Patterdale, West- 
morland, respectively. The former is possibly 
associated with the Shap Granite itself! and gives 
a higher model age (370 million years) than any other 
sample from group 3. In contrast, the Ruthwaite 
Lodge Vein sample gives a very low model age 
(80 million years). Furthermore, one sample from 
Devon has not been included in group 1. This is 
from the Combe Martin Lode, north Devon, and has 
a higher model age (360 million years) and, possibly, 


Table 1 
(1) (2) (3) (4) | (5) (6) (7) (8) 
Number Model age 
| Group Locality and donor of of galena Ph 207Ph/?*Pb (million 2381) /24Pp* 
specimens samples 
1 | Devon and Cornwall | 7 18-20 + 0-03 | 15-51 4 0-03 | 37-97 + 0-05 | 280 + 30 9-10 3-92 
, (A.W. G, Kingsbury) 
2 | Northern Pennines 4 18-23 + 0-03 | 15°53 + 0-02 | 88-07 + 0-08 | 200 + 90 
| (Prof. K. C. Dunham) | 
3 | Lake District | 9 18-25 + 0-03 | 15-53 + 0-02 | 38:15 + 0-05 | 270 + 30 9-14 3-98 
(A. W. G. Kingsbury) 
4 Harlech and Aberystwyth | 
Area, North Wales 5 5 18-16 + 0-03 | 15-61 + 0-03 | 38-14 + 0:06 | 440 + 30 9-32 4-04 
(F. W. Dunning, 
| | Dr. P. A. Sabine) 
| 5 | Abergairn and Ballater Area, 
| Aberdeenshire | 3 17-78 + 0-04 | 15°41 + 0-04 | 37-56 + 0-08 | 470 + 40 8-96 3°95 
(Dr. A. McGregor, 
Prof. F. H. Stewart) 


y constant of **U = 1-541 x 10- 
sotopic composition of lead from iron meteorites (ref. 4 


* Values extrapolated to the present time. Average errors + 0-1 and + 0-05 respectively 
541 > vig decay of = x year+; modern ratio ***U/***U = 137-8. 


f . 4): 206/204 = 9-50, 207/204 = 10-36, 208/204 = 29-49 
fom modern ocean sediments : 206/204 = 18-93, 207/204 = 15-73, 208/204 = 38-80. Age of Earth = 4-50 x 


. Isotopic composition of lead 
years. 
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a different geological history than other deposits of 
south-west England (Dunning, F. W., personal com- 
munication). These samples will be discussed more 
fully elsewhere. 

_In contrast, groups 4 and 5 have considerably 
higher model ages than groups 1, 2 and 3, suggesting 
that the deposits owe their origin to Caledonian 
activity. Significant differences in the uranium-238/ 
lead-204 and thorium-232/uranium-238 ratios are also 
found, implying slightly different geochemical en- 
vironments, 

The galenas of group 5 belong to the small, dis- 
tinctive mineralization associated with Caledonian 
granites in the Abergairn and Ballater areas of 
Aberdeenshire’. Three galena samples of group 4 
oceur in the high-temperature gold-copper deposits 
of the Harlech Area, north Wales, which Dunham* 
was tempted to assign to the Caledonian epoch, 
although positive evidence was ‘acking. The two 
remaining samples come from typical Plynlimmon 
localities, some miles east and north-east of Aberyst- 
wyth where, significantly, the veins occur in Silurian 
strata. O. T. Jones'* had already suggested that in 
this area some of the vein-fractures were contem- 
poraneous with Caledonian folds. 

More isotopic analyses of British and Irish common 
leads are in progress; detailed results and their 
bearing on geological problems will be published in 
due course. 

Grateful acknowledgment is made to Dr. A. 
McGregor, Dr. P. A. Sabine and F. W. Dunning, of 
H.M. Geological Survey, as well as Prof. K. C. Dun- 
ham, Prof. F. H. Stewart and A. W. G. Kingsbury, 
for donation of the specimens used in this work. 
The work forms part of the geological age and 
isotope research programme being carried out in this 
Department under the general direction of Prof. 
L. R. Wager and Dr. E. A. Vincent. 


S. MoorsatH 


Department of Geology and Mineralogy, 
University Museum, 
Oxford. 
Jan. 9. 
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Palzomagnetism of Certain Rocks from 
Newfoundland 


Durie the course of a visit to Newfoundland in 
the summer of 1957, orientated rock samples were 
collected by members of the Durham University 
Exploration Society. Pre-Cambrian rocks near St. 
Johns and the Mississippian Codroy rocks north of 
Robinson’s River were sampled. 

. The Pre-Cambrian rocks were obtained from two 
localities, Signal Hill and Blackhead, on the Avalon 
Peninsula. The collection made on Signal Hill 
where the beds dip steeply eastwards represented 
an older horizon than the less-steeply dipping rocks 


Table 1. MEAN DIRECTION OF MAGNETIZATION OF NEWFOUNDLAND 
SAMPLES 


clina- Mean inte; 
tion of | 


+8°| 8-4/ 38 | 36 16-2+11-4 10+ 


Cambrian +39 8 | 76 4+ 74 
Blackhead 1442 
collection +51 9-9} 25 | 40 


Signal Hill 
“colin | +20 ns) 21 | 30 
| 


a, Radius of the circle of confidence; x, a measure of Dre 
cision; N, number of measurements; S, number of samples 
measured. 


Table 2. POLE POSITIONS CALCULATED BEFORE AND AFTER 26° 
ROTATION 


| 
| 
| | ne. 
| Formation Site Ancient pole | dy | tan 


-|/139E. 43N./4-3); 8-5/ 113 E. 44Nn. 


re- 
Cambrian | 53 W. 47 N. | 122 | 136 W. 
khead 


Blac 
collection | 53 W. 47 N. 96 W. 5S. | 9-1/13-4/ 110 W. 10N, 


Signal Hil | 
collection 58 W. 47 N. | 142 W. 16N. | 6-2} 11-8 | 163 W. 29N. 


dy and dy, semi-axes of the oval of confidence of the pole positions, 


collected from Blackhead, for it is clear from both 
graded and current bedding that the rocks are not 
inverted. Lithologically there is no marked differ. 
ence between the two areas, the sediments at both 
places consisting of hard, purplish sandstones although 
the stratigraphical separation may be of the order of 
8,500 ft. 

The Mississippian rocks, some 1,200 ft. thick, com- 
prise a lower deltaic series, the Anguille group, over- 
lain by the Codroy group of homogeneous, fine- 
grained, hard red unfossiliferous sandstones. The 
beds dip steeply north-west, and their structural 
and stratigraphical relationships have been studied 
by Baird. 

The rocks were cut and measured under an astatic 
magnetometer in the manner described by Collinson 
et al... The calculation of the relevant mean direc- 
tions, pole positions and statistics, following the 
methods of Creer et al.* and Fisher*, are given in 
Fig. 1A and in Tables 1 and 2. In these calculations 
the means of four measurements per sample are used 
and not individual measurements. 

The difference between the mean directions of the 
two Pre-Cambrian collections is quite marked, and 
consequently all relevant calculations have been 
made for each set as well as the means for the whole 
group. In view of the size of sample and the uncer- 
tainty of the stratigraphic relationship of the two 
areas it would seem unwise to attribute much signifi- 
cance to this result. It is of interest, however, that 
this group mean pole position is fairly close to 
one of the Hakatai Shale results quoted by Creer 
et al.?, and quite different from the Keweenawan of 
Du Bois‘. 

The pole position obtained from the lower Carbon- 
iferous rocks lies considerably to the east of those 
quoted by Creer e¢ al.? and Martinez and Howell’ 
This difference disappears if it could be assumed thet 
in post-Carboniferous times there had been a relative 
anticlockwise rotation of Newfoundland with respect 
to the rest of North America. This is illustrated in 
Fig. 1B, where a rotation of 20° has been assumed. 
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Fig. 14. Stereographic plot of the directions of magnetization of Pre-Cambrian and Carboniferous (Mississippian) samples from 
Newfoundland. (Signal Hil) and Blackhead samples separately linked.) All north-seeking poles point down, * represents the mean 
direction enclosed within the circle of confidence 
Fig. 1B. Plot of pole positions of American Pre-Cambrian and Carboniferous rocks, illustrating the effect of a 20° rotation on 
the Newfoundland samples. Ellipses of confidence are drawn around the Newfoundland pole positions. 
Pre-ey, mean of all Newfoundland Pre-Cambrian (S a Signal mi ; Ba, Blackhead collections). H p, and Hrpole positions of Hakatai 
ZL 


Shale samples according to Doell and Creer et 


and Jacobsville divisions of the Middle and Upper "Keweenawa: 


FN, J, Portage Lake, “ 
. (Jacobsville and Blackhead poles are south of the equator.) 


Copper Harbour, Freda and Nonesuch, 


Cc pole position of Codroy samples; Cw and Cz pole positions of Naco Sandstone and Barnet Shale samples 


The effect of such a rotation upon the Pre-Cam- 
brian pole positions is to improve greatly the agree- 
ment with the rest of North America, The group 
mean position approaches those obtained by Runcorn 
and Doell for the Hakatai Shales, while the new pole 
position of the Signal Hill samples even suggests 
possible correlation with the Portage Lake horizon 
of the Keweenawan‘. This is clearly seen in Fig. 1B, 
where the re-oriented pole positions are enclosed 
within their ellipses of confidence. 

This suggested rotation is based entirely on 
paleomagnetic considerations ; whether or not it is 
entirely fortuitous depends upon geological considera- 
tions, and it appears (Westoll, T. S., personal com- 
munication) that such a movement has been suggested 
by some geologists. 

The assistance of Prof. T. 8S. Westoll, Drs. D. M. 
Baird, N. D. Opdyke and members of the Durham 
University Exploration Society is gratefully acknow- 
ledged. Thanks are also due to A. Major and W. 
Rutherford for their help in the preparation and 
measurement of the rocks. 

A. E. M. Narrn 


Department of Physics, 


D. V. Frost 
B. G. Lieut 
Department of Geology, 
King’s College, 
Newcastle upon Tyne, 1. Jan. 8. 
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and Runcorn, 8. K., Proc. Roy. Soc., A., 
a R. A., Proc. Roy. Soc., A, 217, 295 (1953). 
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PHYSICAL SCIENCES 


Anomalous Night-Time Reception of a 
Major Solar Radio Burst 


Durtne the early morning hours of March 8, 1958, 
the planet Jupiter was under observation by a total 
of five different receiving arrays at the University of 
Florida Radio Observatory. Two of these arrays 
operated at a frequency of 18 Mc./s., two at 22-2 
Mce./s., and one at 27-6 Mc./s. Both pen recording 
and aural monitoring of the signals by an observer 
were employed. At 0235 v.T. an unusual event 
began simultaneously on all five channels, consisting 
of a single very intense burst of noise which slowly 
rose to @ maximum, and even more slowly declined 
over a total period of about 2 min. During this 
interval the observer was able to obtain an 
excellent record of the polarization of the disturb- 
ance with the 22-2 Mc./s. polarimeter, which was 
kept in stand-by condition during all periods of 
observation. 

The outburst differed from typical Jupiter noise 
in a number of respects: (1) the relatively smooth 
rise and fall of the signal was slower by at least an 
order of magnitude than any previously observed 
single Jupiter pulse’; (2) no Jupiter pulse had been 
observed at this Laboratory simultaneously on all 
three frequencies; (3) analysis of the polarimeter 
record showed the burst to be polarized in the left- 
hand elliptical sense, whereas all the Jupiter noise 
analysed here had shown right-hand circular or 
elliptical polarization. Although the event had 
occurred more than four hours prior to sunrise. it was 
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inescapable that it displayed many of the character- 
istics of a solar burst, rather than a Jupiter pulse. 

Subsequent correspondence with C. A. Shain in 
Australia disclosed that a major solar burst had indeed 
been observed at stations in Potsdam, Uccle, Nogaya, 
Tokyo and Sydney, on the sunlit hemisphere of the 
Earth, at the same instant as the event described 
above. Unfortunately, all the available observations 
were at frequencies much higher than those of the 
Florida station; but the observations made at 
Sydney at 108 Mc./s. were off-scale and were de- 
scribed as possibly “one of the largest bursts ever 
observed near this frequency’’. It seems clear, then, 
that the event observed in Florida was this major 
solar burst, propagated by some means far into the 
dark hemisphere of the Earth. 


MERIDIAN 


a 


Fig. 1. Polar diagram iaoeing the relationships between the 
bodies of interest 


The relevant relationships are shown in Fig. 1, 
which is a polar diagram of the Earth, with the 
directions of the bodies concerned shown in terms of 
hour angle. It should be remarked in connexion 
with this diagram that the antenna patterns are 
centred on the meridian and are approximately 30° 
wide in the east-west direction. Of interest is the fact 
that the Moon was actually closer to the centres of 
the antenna beams than was Jupiter at 0235 hr. 
v.7., 80 that a lunar reflexion of the burst immediately 
suggests itself. If one assumes a lunar reflexion 
coefficient of 0-15 and a directivity factor of 4 due to 
scattering’, the attenuation factor for a lunar echo 
would be about 10-°. The peak flux recorded at 
Florida at 18 Mc./s. was off-scale at approximately 
6 x 10-*° watt (c./s.)-!, suggesting that at this 
frequency the directly received burst would have had 
an intensity of about 6 x 10- watt m.-* (c./s.)-! at 
18 Me./s. The Australian observers estimated the 
intensity as being of the order of 10-'? watt m.-* 
(e./s.) at 108 Me./s. Although no direct compari- 
son can be made because of this large difference in 
frequency, the orders of magnitude do not seem 
entirely to exclude the possibility of a lunar reflexion. 
(We would welcome intensity data from this event 
from any station which happened to record it at a 
frequency nearer 18 Mc./s.). 

The other possibility is, of course, that the radia- 
tion penetrated the ionosphere through an anomalous 
‘thin’ spot in the daylight hemisphere, and was then 
propagated around the Earth by the usual modes of 
transmission. In this connexion, Shain was xii: 
enough to point out to us the curious focusing at the 
antipodal point of the 40-Mc./s. signal from Sputnik 
I, which was reported by Wells’. 

Operation of the Florida Radio Observatory is 
assisted by funds from the National Science Founda- 
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tion, the U.S. Army Office of Ordnance Research 
and the Office of Naval Research. 
ALEx. G. 
T. D. Carr 
W. H. 
Department of Physics, 
University of Florida, 
Gainesville. Jan. 23. 
1 Carr, T >. Smith, A. G., Pepple, R., and Barrow, C., Astrophys. J., 


187, 274 (1958) 
* Pawsey, . N., “Radio Astronomy”, 310 


J. L., and Bracewell, 
(Oxford University Press, 1956). 
* Wells, H. W., Proc. Inst. Rad. Eng., 46, 610 (1958). 


Polynomial Representation of Steam Tables 


THe mechanization of computation concerning 
steam plant design has been greatly frustrated by the 
difficulty of having to use steam tables. An experi- 
ment carried out using the University of Manchester 
Mark I digital computer a year ago showed that 
while it was quite possible to have the whole contents 
of the Keenan and Keyes table! stored within the 
machine, calculations of turbine condition lines and 
cycle efficiencies were slowed down considerably 
by the business of searching through the table for 
particular entries. A major advance in the mechan- 
ization of steam-cycle calculations has now been 
accomplished by the derivation at Risley of sets of 
polynomials which accurately represent the thermo- 
dynamic properties of steam. 

The steam tables tabulate enthalpy, entropy and 
specific volume of dry steam as functions of pressure 
and temperature. It has been found possible to 
fit each of these thermodynamic functions by a single 
polynomial in U = log p and: 


-G 


B — log p 


(1) 
where ¢ is temperature in degrees F., and p is pressure 
in lb./sq. in. and A, B, and C are constants. 

The temperature-range covered by these approxima- 
tions is from saturation to 1,600° F. The pressure- 
range is from 1 Ib./sq. in. in the case of enthalpy and 
specific volume and from less than 5 Ib./sq. im. in 
the case of entropy up to the critical pressure. 
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It is essential to choose the arguments, U and V, 
of the polynomial so that points outside the satura- 
tion line are not included in the rectangle defined by 
the ranges of U and V. It was found that, with a 
suitable-choice of A, a plot of log p against 1/(A + t) 
at saturation gives an excellent straight line over the 
whole pressure-range. Thus for variables — = log p, 
t= 1/(A + t) the steam functions are defined over a 
trapezium (Fig. 1). 

Asecond transformation, U = &,V = Ba trans. 
forms the trapezium into a rectangle, which does not 
contain points from outside the tables. The poly- 
nomials were then obtained by a two-dimensional 
modification of the method described by Lanczos?. 
The functions were fitted by : 


9 9 


where = @,U 
y=a,V+b, -l<y<l 
and 7’, is the Chebyshev polynomial of order n. 


9 9 
Cyo= Ay C08 56 (2a + 1) 
a=0 


Ix 
C08 99 (28 +1) (3) 
where, for 1 + 0, 7 #0, 


1 1 
Aw = Aio = Aa = 56H and Ay = (4) 


Also 2%q = COs + 1) } 
(5) 


1 
YB 6B + 1) 


The values of the function at (xq,yg) were obtained 
by two-dimensional interpolation in the steam tables. 
To facilitate this, the variables were slightly modified 
30 that the points required near the saturation bound- 
ary were not at the very edge of the tabulated values. 
The entropy function begins to change rapidly with 
p at pressure less than 4 lb./sq. in., and if the tables 
are fitted from 1 Ib./sq. in. upwards, the high-order 
coefficients in (2) do not become negligible. However, 
by excluding pressures less than 5 Ib./sq. in. from 
the region fitted, this difficulty was overcome. 
Finally (2) was transformed to give a simple poly- 
nomial in U and V. 
For use in a digital computer all that need be stored 
are the coefficients of the polynomials, which occupy 
space less than 14 per cent of that required by the 
full steam table, and ‘table look-up’ is completely 
diminated. The necessary routines have been 
prepared for the Risley Mercury computer and the 
values of the coefficients of the polynomials will 
appear elsewhere. 
This communication is published by permission of 
Dr. H. Kronberger, director of Research and Develop- 
ment, United Kingdom Atomic Energy Authority. 
W. G. BERRY 
G. Buack 
J. A. ENDERBY 
Research and Development Branch, 
Computer Group, 
U.K. Atomic Energy Authority, 
Risley. 
Keenan and Keyes, “Thermodynamic Properties of Steam’ (1936). 
by Chebyshev Polynomials” (National Bureau of Standards, 
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Ductility of Rhodium 


ALTHOUGH rhodium is a face-centred cubic metal 
which should possess numerous planes and directions 
of slip it is, at room temperature, an extremely 
difficult metal to form into strip and wire. Usually 
rhodium is hot-worked, the working temperature being 
gradually reduced during successive stages until the 
metal develops a fibrous structure, when at thin 
gauges it can be subjected to moderate cold-working 
operations. 

The reason for the poor room-temperature ductility 
of rhodium is not known, but has been ascribed to 
impurities, although, from experiments using high- 
purity rhodium, Bale! concludes that it is more 
probable that rhodium is subject to deformation 
mechanisms different from those for other face-centred 
cubic metals. 

It appears unlikely that in a face-centred cubic 
metal slip will occur preferentially on planes other 
than (111), since this would involve a non-statistical 
distribution of dislocations with Burgers vectors 
having only very small components in this plane. 
However, segregation of impurity atoms around 
dislocations might produce an atmosphere effect 
greatly increasing the resolved shear stress for glide ; 
this would be reduced at high temperatures, when 
diffusion would enable the atmosphere to move with 
the dislocation and such a process would presumably 
result in a yield-point being observed. Another 
possibility is that slip is finer in rhodium and that 
hardening is accentuated by intersections, impurities 
and point defects. 

If any one of these hypotheses is correct, it might 
be expected that a single crystal of rhodium would be 
of similar low ductility to the polycrystalline material. 
If, however, lack of ductility is due to grain-boundary 
weakness or to the locking of dislocations at crystal 
boundaries, because of impurities or for other 
reasons, such a single crystal might be expected to 


- exhibit a greater degree of ductility and a lower rate 


of strain-hardening than when in polycrystalline 
form. 

Consequently, as a preliminary to a more compre- 
hensive investigation on the deformation of rhodium, 
a single-crystal bar of the metal was prepared by 
the electron-bombardment floating-zone melting 
technique?.. 

The bar was made from rhodium of normal com- 
mercial purity (Table 1), the starting material being 
an annealed hot-swaged bar, 0-165 in. diameter and 
hardness 180 diamond pyramid number, prepared 
from a compact sintered in vacuo and heated during 
swaging in an atmosphere of hydrogen. During zone 
melting, a considerable amount of evolution of gas 
occurred and seventeen passes of increasing bom- 
barding power were necessary before the bar could be 


Table 1. SPECTROGRAPHIC ANALYSIS OF RHODIUM 


Original bar Zone-melted bar 

(per cent) (per cent) 
Platinum <0-01 <0-01 
Palladium 0-01 0-0001 
Ruthenium 0-026 0-026 
Tridium 0-08 0-08 
Tron 0-016 0-006 
Lead <0-0001 | < 0-0001 
Silicon Trace Minute trace 


Traces: gold, silver, aluminium, calcium, chromium, copper, 
Magnesium, Manganese, molybdenum, nickel, titanium, va) jum, 


tungsten. 
Not detected : osmium, arsenic, bismuth, cadmium, — aa 
germanium, indium, rhenium, antimony, tin, tantalum, ium. 
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zoned without further gas evolution. At this stage the 
zoned region was single crystal, having grown within 
a few degrees of the [110] direction, and no further 
zone refining was carried out. The speed of zoning 
was 0-5 in./min., the final bombarding current and 
voltage were 100 m.amp. and 0-7 kV., and the operat- 
ing vacuum approximately 10-* mb. The hardness of 
the zoned bar was 190 diamond pyramid number and 
its spectrographic analysis is given in Table 1. 

The diameter of the single-crystal bar varied 
between 0-150 in. and 0-170 in., and it was found that 
it could be cold swaged without intermediate anneal 
to wire 0-050 in. diameter, a reduction of approxim- 
ately 90 per cent in area. Cold reduction of similar 
bars of this material in the polycrystalline state was 
possible only to a very limited extent before inter- 
crystalline fracture occurred. 

The wire produced from the single-crystal bar, when 
annealed in vacuo, became polycrystalline and could 
not be subjected to further cold work without inter- 
crystalline fracture. It can therefore be concluded 
that crystal boundaries do play an important part 
in the cold-deformation of rhodium, and that the 
presence of grain-boundary impurities may have a 

role in this process. 

The fact that the analyses of Table 1 may suggest 
that the concentration of impurities is much lower 
than is normal to produce grain-boundary embrittle- 
ment in face-centred cubic metals is not necessarily 
evidence that the modes of deformation of rhodium 
differ essentially from those of other face-centred 
cubic metals, as the significant impurities may be 
non-metallic or otherwise not readily determined by 
the normal methods of analysis. This is an aspect 
which requires further investigation. 

Permission from the Admiralty and the Mond 
Nickel Co., Ltd., to publish this communication is 
gratefully acknowledged. 

A. CALVERLEY 
Services Electronics 
Research Laboratory, 
Baldock, Herts. 
D. W. Rays 
Mond Nickel Co., Ltd., 
Bashley Road, 
London, N.W.10. 
Jan. 20. 


1 Bale, E. 8S., Platinum Metals Rev., 2, 61 (1958). 

* Davis, M., Calverley, A., and Lever, R. F. T., J. App. Phys., 27, 
195 (1956). 

A., Davis, M., and Lever, R. F., J. Sci. Instr., 34, 142 


Adsorption and Desorption of Moisture 
in Fired Ceramic Materials 


RECENT communications!.* on moisture expansion 
in fired ceramic materials raise a number of points on 
which we would like to comment. This phenomenon 
has been studied in these laboratories for many years, 
and we summarize below some of the conclusions to 
which our experimental data have led us. 

We do not think moisture expansion can properly 
be referred to as ‘permanent’, since under suitable 
conditions of temperature and pressure it can be 
reversed. Water can be removed from a steam- 
expanded material by heating to 110° C., and this 
desorption is accompanied by a contraction. Heating 
for a long time at 300° C. usually removes more 
water, up to about 90 per cent of that adsorbed. 
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Heating at still higher temperatures is accompanied 
by further gradual loss of water and contraction, and 
for complete desorption it is necessary to heat to at 
least 1,000° C. Weight measurements also show that 
all the water adsorbed during steam-treatment for, 
say, 20 hr. at 50 Ib./sq. in., can be removed by 
heating to 300° C., and this desorption is accompanied 
by a complete reversal of the change in size. This 
suggests that short-term expansion in steam js 
mainly due to physical adsorption. 

Materials desorbed at 1,000° C. adsorb moisture 
and expand immediately on cooling from this tem. 
perature, and continue to do so down to room 
temperature. This high-temperature adsorption 
and desorption involve some mechanism other than 
physical adsorption, and we believe that in addition 
to the surface activity there is also a penetra. 
tion process. The practical consequences of these 
observations are that, unless a standard zero is estab- 
lished, moisture — expansion measurements on treated 
materials may include an expansion of unknown 
extent that has occurred during cooling in the kiln. 
In order, therefore, to obtain strictly comparable 
values for moisture expansion after leaving the kiln, 
all pieces should be subject to a preliminary desorp- 
tion procedure. 

In our experience, involving measurements made 
on some samples for as long as 1,000 hr. in steam at 
50 Ib./sq. in., and for 3 years at room temperature 
and atmospheric pressure, we have never found an 
equilibrium or maximum size to be attained, although 
the rate of expansion falls off with time. There is 


evidence that in some cases there is a progressive th 
increase in internal surface area with steam treatment. | 
We believe that a continuous penetration of water str 
into the glassy phase can go on for very long periods cul 
of time. It may be, of course, that different con- on 
siderations apply when steam at higher pressure is la 
used. 
In this connexion, we have found that a given dy 
weight of water adsorbed at room temperature on 
produces a change in size different from that produced the 
by adsorption of the same weight of water in steam the 
treatment. Moisture expansion results obtained by (of 
steam treatment have been shown to be misleading mn 
as a guide to moisture expansion at room temperature. tho 
The effect of firing appears to be two-fold. Vitri- latt 
fication produces changes in internal surface area, m | 
and over small ranges moisture expansion. can be the 
fairly accurately related to surface area. Over wider [ 
ranges, changes in the mineralogical composition of are 
the fired material play a dominant part. We have bt 
shown that the main crystalline phases in fired ceramic ther 
materials have a negligible moisture expansion, and pro 
that glassy phases have a high expansion. M 
Penetration of open glassy structures by water pi 
would explain the continuation of moisture expansion nh 
over long periods of time, which cannot be explained ; ty 
in terms of surface activity alone. Moulson and Te 
Roberts* have recently shown experimentally that es 
penetration of water into silica glass does in fact occur er 
in relatively short periods of time within the ten pe 
perature-range 600-1,200° C. Studies of adsorption = 
of water vapour on silica glass at room temperature pa 
by Barrett, Birnie and Cohen‘, show long-term 
continuous uptake of water, suggesting a kind 0 “i 
diffusion process. 
In view of these findings, we do not think that aan 
‘rehydration’ is a suitable term to apply to th a 
phenomenon of moisture expansion in ceram 


materials. 
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A more detailed account of some of this work was 
presented by A. W. Norris to the Sixth International 
(eramic Congress, and will be published in due 
curse’. We are indebted to Dr. A. T. Green, director 
of research, for permission to publish this communi- 
cation. 


No. 4661 


F. VauGHAan 
A. DINSDALE 


British Ceramic Research Association, 
Stoke-on-Trent. 
Jan, 23. 


‘Hosking, J. S., and Hueber, H. V., Nature, 182, 1142 (1958). 

‘Demediuk, T., and Cole, W. F., Nature, 182, 1223 (1958). 

‘Moulson, A. J., and Roberts, J. P., Nature, 182, 200 (1958). 

‘Barrett, H. M., Birnie, A. W., and Cohen, M., J. Amer. Chem. Soc., 
62, 2839 (1940). 

‘Norris, A. W., Vaughan, F., Harrison, R., and Seabridge, K. C. J., 

Sixth International Geramic Congress, Wiesbaden (1958). 
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Structural Chemistry of Promethium 


Tue physico-chemical properties of promethium 
and its compounds are generally predicted from 
knowledge of the properties of other lanthanides. 
However, since promethium lies between neodymium 
and samarium—two elements which show sensible 
differences in structural behaviour in some of their 
compounds—an experimental examination of pro- 
methium compounds is indicated. This will also 
throw light on general lanthanide chemistry. 

Lanthanide sesquioxides exist in three crystal 
structures: hexagonal A; an ill-defined B; and 
cubic, nearly fluoritic, C, the crystal habit depending 
on the temperature and the atomic number of the 
lanthanide!. 

Normally, sesquioxides up to and including neo- 
dymium exist in form A, and those from samarium 
onwards in form C. This behaviour is also reflected in 
the different capacity of sesquioxides for dissolving, in 
the solid state, in the fluorite lattice of some dioxides 
(ofcerium, praseodymium, thorium) to give anomalous 
mixed crystals: sesquioxides up to and including 
those of neodymium dissolve partially in the fluorite 
lattice, while those of samarium onwards dissolve 
in all compositions*. Nothing is known regarding 
the sesquioxide of promethium. 

Direct investigations on promethium sesquioxide 
are not practicable because of the difficulties in 
obtaining sufficient quantities of the compound. We 
therefore employed a method using the radioisotope 
promethium-147, carrier-free. 

Measurements of radioactivity were carried out 
systematically over a large range of temperatures to 
determine the distribution of promethium sesquioxide 

tween two non-soluble solid phases: one with a 
fluorite lattice and the other with an A structure. 
These were solid solutions of cerium, praseodymium 
and thorium dioxides saturated with sesquioxides, 
and sesquioxides in the A-form saturated with di- 
oxides respectively. The two solid phases were 
‘parated by dissolving the A phase only with 
suitable solvents. 

In all the experiments the promethium sesquioxide 
‘cumulated in the cubic phase (C form); reversal 
Psa: to occur only at very high temperatures. We 

erefore infer that over a large range of temperatures 


Promethium ioxi 
structure, sesquioxide has a nearly fluoritic 
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This type of investigation could also be used to 
study the changes of structure with temperature in 
the solid state of dioxides with fluorite-type struc- 
tures. Details of this work will be published elsewhere. 

M. Bruno 
U. Croatto 
Nuclear Chemistry Centre of the 
National Research Council, 
Padua. Dec. 1. 
1 Goldschmidt, W. M., et al., Strukturberichte, 1, 261 (1931). Loéhberg, 
K., Z. phys. Chem., B, 28, 402 (1935). 
2 Bruno, M., and Mayer, A., Ricerca Scientifica, 28, 1168 (1958) and 
references therein. Brauer, C., and Gradinger, or: Z. anorg. allg. 
Chem., 276, 209 (1954). 


Tetra-co-ordination of Nickel(Il)—Some 
Complexes with Cyclohexylphosphine 


THE problem of the tetra-co-ordination of nickel(II) 
has recently been the object of much interest!-* owing 
to the peculiar situation of this ion in the field of 
co-ordination chemistry, and because of the many 
opportunities for testing theoretical predictions on 
the structural, magnetic and optical properties of 
transition metal complexes. Of particular interest 
are the complexes of the type NiX,2PR,;. These 
seem to be clear examples of pure tetra-co-ordination 
around nickel(II). We had previously examined by 
X-rays the crystal structure of the red diamagnetic 
compound! NiBr,2PHt,, and found it to be trans- 
planar as expected. We did not detect any co-ordina- 
tion along the other axis (unpublished work), as occurs 
in other cases, for example, in nickel bisdimethyl- 
glyoxime’. 

Issleib e¢ al.*, examining the co-ordinating power 
of tricyclohexylphosphine (PCy,; Cy = cyclohexy)), 
mentioned the compound NiBr,2PCy, and described 
it as an olive-green substance. Since the ligand 
field around the nickel ion should not be greatly 
different from that in the analogous complexes con- 
taining aliphatic phosphine, this compound was 
obviously of interest. The green or blue colour has, 
in fact, been found only among the paramagnetic 
forms of the nickel—phosphine series’. Although 
ligand field theory does not justify any simple rela- 
tionship between colour and magnetic properties, or 
structure, many regularities have been observed at 
one time or another and the relationship is often 
mentioned as an empirical rule. 

It seemed of interest to investigate this class of 
compounds also, with the aim of collecting more 
experimental data in order to throw further light 
on the general problem. 

We prepared the following compounds: 
NiBr,.2PCy;, NiCl,2PCy,, Ni(SCN).2PCy;. Attempts 
to prepare the nitrate and the perchlorate did not 
give samples of sufficient purity, although green 
precipitates, consisting mainly of the phosphine 
complexes, were obtained. Analyses and character- 
istics of the compounds are shown in Table 1. 

Single crystals of bromide and thiocyanate have 
been examined by X-rays with the following results : 
NiBr,2PCy;: triclinic; a, 9-98,; 6, 10:2,; ¢, 
10°74; a, 112° 44’; B, 109° 41’; y, 90°41’; 2, 1; 
space group PT; observed density, 1-34; calculated, 
1-37. Ni(SCN).PCy,;: monoclinic ; a, 9-63,; b, 13-3,; 
c, 17°85; 8, 117° 52’; z, 2; space group, P2,/c; 
observed density, 1-19,; calculated, 1-208. 

In both cases the nickel atoms lie at centres of 
symmetry of the crystal, thus showing a trans- 
planar arrangement of the four ligands. 
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Table 1. PROPERTIES AND CHARACTERISTICS OF NLY,2PCy, COMPOUNDS 


NiBr,2PCy; 
Olive-green 


Compound 


| | NiCl2PCy; 


Colour Orange-yellow Red 
Melting point 
(deg. C.) 227 
Anaiysis 
(percent, £C 62-6 (62-5) 
calculated < H 93 (9-6) 
values in Ni 
brackets) 
Magnetic 
moment* Diamagnetic 
Dipole moment* 
(in benzene) ~0 | ~0 1-9 


Diamagnetic | Diamagnetic 


* Magnetic moments were measured on the powdered solids by 
means of a Sucksmith balance. Dipole moments were measured in 
poaene solution. The compounds are all monomeric in freezing 

enzene. 


Table 2. FREQUENCIES AND MOLAR EXTINCTION COEFFICIENTS OF 
THE ABSORPTION MAXIMA OF COMPOUNDS NiX,2PCy; 


X=SCN 


33,500 
15,000 


Absorption spectra in benzene were taken between 
40,000 and 10,000 cm.-?. In Table 2 frequencies 
and molar extinction coefficients of the absorption 
maxima are summarized. 

The diamagnetism of the three compounds rules 
out any simple relationship between magnetic pro- 
perties and colour in this series. A comparison with 
the series containing phenylphosphine! is of interest. 
In this series, there is a transition from blue-green 
paramagnetic forms (X = Br, Cl) to a red diamag- 
netic one (X = SCN); in the former series dia- 
magnetism is already attained with the bromide. 
This behaviour can be interpreted, from the point 
of view of ligand field theory, as an enhancement 
of the field along the P—P axis in going from the 
aromatic to the saturated phosphines. When the 
field along the P—P axis is weak it is necessary to 
reach a stronger field along the X——X axis (X = SCN) 
in order to stabilize the singlet in its ground-state. 
There seems to be some sort of additive effect for the 
fields along the two symmetry axes. It may well be 
that for weak fields the steric arrangement of the 
ligands becomes a distorted tetrahedron (as Venanzi! 
seems to find in the case of the aromatic phosphines). 

The X-ray results found for NiBr,2PCy, do not 
agree with the dipole moment of 1-9 Debyes. It is 
true that this value (obtained making an allowance 
of 25 per cent Pg for the atomic polarization) refers 
to steric arrangement of the molecule in solution, 
where the situation may be different?* from the 
solid state ; nevertheless, the problem of the dipole 
moment of this compound requires further in- 
vestigation. 

Our X-ray determinations do not exclude as yet 
the possibility of a co-ordination along the z-axis 
as well, but analogy with the ethyl phosphine case 
seems to rule out such a possibility except perhaps 
for the SCN- compound, where the nitrogen atom 
also has co-ordinating power. 

The main features of the absorption spectra have 
been tentatively interpreted as follows. The band 
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around 35,000 cm.-! is attributed to a charge transfer 
process involving the P—Ni bond electrons. The 
bands between 23,000 and 26,000 cm.-' are the 
same type of charge transfer bands for the Ni—xX 
bonds. The weaker bands in the visible region are 
the well recognized g—g forbidden transitions be. 
tween d-levels of the central ion. These bands show 
evidence of structure (see values for band IV in 
Table 2) which could arise from the overlapping of 
different electronic transitions in this region. The 
bromide band at 27,000 cm.-? is probably also of 
this type. It is interesting to note that the extinction 
coefficient of these bands is much higher than js 
usually found in cases of higher symmetry®. We are 
investigating the details of these spectra from the 
point of view of ligand field theory. 

A full account of this study will be published 
elsewhere. 

Thanks are due to Dr. 8. T. Hedgecock and Mr. 
R. QO. Kornelsen of the Physics Department of the 
University of Ottawa (Ontario) for the magnetism 
measurements. 

Atpo Turco 
Istituto Chimica Generale, 
Universita di Padova. 
VILADIMIRO SCATTURIN 
Centro Strutturistica Chimica C.N.R., 
Padova. 
GIOVANNI GIACOMETTI 
Istituto Chimica Fisica, 
Universita di Padova. 
Dee. 2. 
1 Venanzi, L., J. Chem. Soc., 719 (1958). 
* Gill, N. S., Nyholm, R. 8., and Pauling, P., Nature, 182, 168 (1958). 
* Maki, G., J. Chem. Phys., 28, 651 (1958); 29, 162 (1958). 
* Giacometti, G., Scatturin, V., and Turco, A., Gazz. Chim. Ital., 88, 
434 (1958). 
5 Godycki, L. E., and Rundle, R. E., Acta Cryst., 6, 487 (1953). 
* Issleib, K., and Brack, A., Z. anorg. Chem., 277, 266 (1954). 
7 Jensen, K. A., Acta Chem. Scand., 9, 1321 (1955). 
® Sacconi, L., Paoletti, P., and Del Re, G., J. Amer. Chem. Soc., 79, 
4062 (1957) and references quoted therein. 
° eet Va and Ballhausen, C. J., “Ann. Rev. Phys. Chem.”, 7, 107 


Gas Phase Oxidation of Hydrocarbons: 
Endothermic Nature of the Initial Stage 
of Reaction 
Ir is generally agreed that the oxidation of hydro- 
carbons occurs by steps such as : 


RH + 0O,———R: + HO, + Q’ (I) 


RO. — 

x 


+ HO; — Q” (3) 


R-, R’———— further reactions finally leading! 
oxides of carbon and water 


The initial stage of oxidation as depicted by (I) ® 
endothermic, while (2) and (3), and also mai 
subsequent reactions, are exothermic. Experimen 
tally, however, no evidence seems to have beet 
furnished which would demonstrate the endotherme 
nature of the initial stage of hydrocarbon oxidatie. 
What is well known is that the reactions are 6” 
thermic : cool flames readily appear in the eat 
stages of oxidation of numerous hy at 
particularly n-alkanes (excepting methane 8 
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ethane), and cause a considerable rise in the tem- 
ature of the reacting gases. 

We have recently studied the pre-flame reactions 
ofa wide variety of hydrocarbons in a flow system 
in silica reaction chambers of different shapes and 
sizes. A number of thermocouples measured the 
emperature of the various parts of the system. 
Those inside the chamber were prevented from 
exerting any catalytic effects on the reaction mixture 
by enclosing them in thin-walled silica sheaths, while 
others were attached to the outside surface of the 
chamber and the connecting parts. The onset of the 
oxidation reactions and their progress were followed 
by measuring the consumption of oxygen as well as 
by the appearance of oxides of carbon in the gases 
leaving the reaction chamber. Oxygen was measured 
by means of a paramagnetic analyser while the 
oxides of carbon were measured by means of infra- 
red instruments. 

The fuel and air were allowed to flow, at desired 
rates, into a pre-mixing section maintained at a 
temperature a few degrees above the boiling point of 
the hydrocarbon. The mixture was heated on its 
way to the reaction chamber held at a uniform 
temperature inside a furnace. The temperature of 
ihe furnace was gradually raised so that the oxidation 
reactions could be studied from the temperature at 
which they become detectable to the point at which 
imition occurs. Until the instant of commencement 
of any trace of reaction, the temperature of the 
fuel/air mixture inside the chamber was the same as 
that of the surface of the chamber. However, as soon 


as there was the first sign of consumption of oxygen, 
the temperature of the reacting mixture began to 
drop below the temperature of the chamber surface. 


In the case of a stoichiometric n-heptane/air mixture 
with a residence time of 0-9 sec. in a reaction chamber 
with surface to volume ratio of about 3-3 cm.-}, a 
drop in temperature of 4—5 deg. C. was observed. The 
drop at the commencement of the reaction increased 
when concentration of fuel was increased. At a few 
degrees higher reaction-chamber temperature, when 
the oxides of carbon began to be formed in appreciable 
amounts, the temperature of the reacting gases rose 
above the chamber surface temperature. It increased 
most markedly with the appearance of cool flames. 
At temperatures above the cool flame region, in the 
zone of negative temperature coefficient, the tem- 
perature of the reacting gases gradually fell to the 
level of the temperature of the chamber surface. 
Thereafter the temperature of the reacting gases and 
the reaction-chamber surface stayed close to each 
other until very near the temperature at which normal 
ignition occurred. 

Similar behaviour with regard to the temperature 
difference in the reaction mixture and that of the 
chamber surface has been observed in the case of a 
number of hydrocarbons and related substances. 
Detailed results on these will be presented elsewhere. 
_An interesting point regarding the present observa- 
ons on the drop in temperature of a reacting fuel/air 
mixture in the initial stages of reaction is its possible 
relationship to the drop in pressure observed during 
the induction period of oxidation in closed chambers. 
Such an observation was first made in the oxidation 
of methane by Minkoff and Salooja!. It was then 
thought that the drop in pressure might have been 
due to the formation of methyl peroxide which 
would involve an overall diminution in the number 
of molecules. However, no methyl peroxide was 
detected in the products of reaction during the 
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induction period. It seems possible that the observed 
drop in pressure of the reaction mixture might have 
beencaused by the endothermic initial stage of reaction. 
I wish to thank the Directors of ‘‘Shell’’ Research, 
Ltd., for permission to publish this work. 
K. C. Satoosa 
Thornton Research Centre, 
“Shell”? Research, Ltd., 
P.O. Box 1, 
Chester. 
Jan. 16. 
1 Minkoff, G. J., and Salooja, K. C., Fuel (Lond.), 82, 516 (1958). 


A Rapid Method for determining the 
Concentration of Ammonium Sulphate 
Solutions 


THE separation of proteins and enzymes by the 
ammonium sulphate gradient elution technique has 
been reported by a number of workers!-*. Dixon’ 
and Kunitz* have published a useful nomogram and 
equation, respectively, for use in the preparation of 
ammonium sulphate solutions. While the concentra- 
tion of ammonium sulphate in a solution can be 
determined by the usual methods (that is, by dis- 
tillation and titration, by specific-gravity determina- 
tions, nesslerization, or by gravimetric methods) they 
are all time-consuming, often involve large dilutions 
of the sample and, in general, are not useful for the 
routine analysis of a large number of samples. The 
use of refractometry has been investigated in the 
search for a more rapid method of measuring the 
concentration of ammonium sulphate in the fractions 
collected by the gradient elution technique as well 
as in the classical precipitation method. 


Table 1. REFRACTIVE INDEX OF AMMONIUM SULPHATE SOLUTIONS 


Temperature 


Molarity 


1-3932 
saturated | saturated 


saturated 


The results of this investigation are shown in 
Table 1. Ammonium sulphate, when added to water, 
was found to produce a large increase in the refractive 
index. However, the increase in the refractive index 
is not directly proportional to the concentration of 
ammonium sulphate but, as one might expect, is 
dependent upon the density of the solution also. 
This relationship can be adequately expressed by the 
following equation : 

y = ad(RI, — RI,) (temp. const.) (1) 
where y is the molarity of the ammonium sulphate 
solution, a is a constant, d is the density of the 
solution and RI, and RI, are the refractive indices 
of the solution and water respectively. 

The concentration of the solution can also be 
calculated by the following equation : 


y = 0-0403 + 41-1 (RI,—RI;) + 309 (RI,—RI,)* (2) 


where y, RI, and RI, have the same meaning as 
in equation 1. Equation 2, calculated by the leas, _ 
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squares method from the data of Table 1, eliminates 
the need for knowing the density of the solution. 

It is not necessary to control, or even to know, 
the temperature during the measurements as the 
change in refractive index per degree change in 
temperature is 0-0001 for both water and ammonium 
sulphate solutions. The only requirement is that the 
refractive index of the solution and of the water be 
measured at the same temperature. The presence of 
protein in the usual concentrations will not appre- 
ciably alter the results. For example, 1-0 per cent 
crystalline egg albumin was found to increase the 
refractive index of water by 0-0017. This is in agree- 
ment with the value of 0-0018 reported by Kirk’. 

The concentration of an unknown ammonium 
sulphate solution (0:50-4:06 M) can be rapidly 
determined by the above method with an overall 
accuracy of + 1-0 per cent. (The accuracy is much 
better at the higher concentrations.) While the 
sensitivity of the method can be increased approx- 
imately ten-fold by the use of a dipping refracto- 
meter, the Abbe refractometer should prove adequate 
for determining the usual concentrations of ammon- 
jum sulphate employed in gradient elution and the 
precipitation of proteins. 

It is to be emphasized that this method can, and 
often has, been applied to the determination of the 
amount of material in various kinds of solutions. 
Only the particular application of the method reported 


here is claimed to be original. 
JoHN R. WHITAKER 


Department of Food Technology, 
University of California, 
Davis, California. 
RosBeERtT HuGHES 


Department of Agricultural Chemistry, 
Oregon State College, 
Corvallis, Oregon. 
Jan. 13. 
1 Sayre, F. M., Hill, B. R., and Reinhardt, L. G., Proc. Soc. Exp. Biol. 
Med., 96, 695 (1957). 
2 and Della Monica, E. 8., Arch. Biochem. Biophys. , 58, 31 
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« Zahl, R. K., and Stahl, I., Z. physiol. Chem., 298, 1 (1953). 
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Adaptation of a Photometer for the Direct 
Recording of Column Chromatograms 
‘PuE direct recording of chromatograms presents 


several advantages: it saves time and labour and 
eliminates all errors inherent in a fraction collector. 
To actuate the recorder, a suitable method of detect- 
ing the eluting bands must be used. Out of several 
possibilities, absorption of light, especially ultra- 
violet light, seems the most generally useful, since 
many laboratories are equipped with a photometer. 
Although such devices are already mentioned in the 
literature’.*, a detailed description seems to be lack- 
ing. The only drawback of such a method lies in 
the rather short expectancy of life of the hydrogen 
lamp used as source of ultra-violet light. This 
limits the application of the direct photometric 
recording method to chromatography of short dura- 
tion (a few hours). Only the most difficult separations 
need, however, days or weeks, and most column 
elution methods can be speeded up by adequate 


pressure without excessive diminution in efficiency. 
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Fig. 1. Chromatography of 2 mgm. hop a-acid (California, 1958) 
(ref. 3). Bands in order of appearance: F, front; A, adhumu- 
lone ; H, humulone ; C,cohumulone. Column: 55cm. x 0-9 em, 
Stationary phase: silica gel (ref. 4), grain size 0-15—0-30, phos- 
phate buffer pH 9-5 + 10 per cent methanol. Eluted with iso- 
octane which has been freed from oxygen by blowing through 


nitrogen. Pressure: 2-5 m. water. Flow-rate, 180 sal. This 
speed can only be obtained when dust-free silica gel is used. 
Recorder speed, 2 in./hr. 


Wave-length, 276 mu 

Such a photometric direct recording device for 
column chromatograms was set up in our laboratory 
and Fig. 1 shows a typical result of a chromatography 
terminated in less than 2 hr., which would have 
taken much longer using the earlier methods (fraction 
collector—measuring each fraction—plotting the 
result and calculating). 

The only difficulty lies in obtaining a straight 
and horizontal base-line, which is the same as saying 
that stability of the photometer in time is required. 
Providing a ‘Beckman DW spectrophotometer with a 
5800 ERA energy-recording adapter and recording 
the energy output with a slow-speed recorder (we use a 
‘Varian G10’ graphic recorder with chart roll speeds 
of 2 and 4 in. per hr.) a slanting base-line is obtained 
through voltage drop on the accumulator. Adding 
a Beckman battery power regulator No. 1900, a base: 
line slanting in the other direction is obtained, 
even with the lowest charge density. A straight 
base-line is then obtained by drawing off the battery 
a current of about 80 m.amp. The actual current 
intensity is regulated according to the base-line 
obtained on the recorder. 3 

With a mains-fed Beckman power supply unit no 
difficulty was met in obtaining a stable and straight 
base-line, even for 12 hr. on end. 


Fig. 2. Flow-cell 
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The column eluate flows through a special cell 
yhich must be as small as possible to prevent mixing. 
Out of several possible designs that shown in Fig. 2 
is most satisfactory. It is made of ordinary glass ; 
two openings are cut out and quartz windows are 
gued on. Such a flow-cell has a capacity of 2-3 ml. 
It is mounted in a specially made photobox-lid as 
shown. The joints are in plastic, although some of 
this material dissolves in organic solvents to give 
light absorption. The soluble components are soon 
all extracted, however, and no difficulties are noted 
afterwards. The chromatography of Fig. 1 was 
carried out on 2 mgm. of the mixture; but larger 
quantities can also be dealt with ; it suffices to set 
the photometer at a wave-length where the specific 
extinction of the substances is lower. Since the 
recording is made with the co-ordinates time against 
transmission, quantitative results are difficult to 
obtain from it, and more so since the rate of flow of 
the columns ean scarcely be expected to be rigorously 
constant. With the recording as a guide it is, how- 
ever, easy to collect each substance separately and 
then to determine by some analytical method its 
amount. 

To protect the photometer against accidents, the 
column is not mounted directly over the flow-cell, 
but about 30 em. away from the photocell box. 
The eluate is then run in the flow cell through a 
small-bore connecting tube. Light penetrates 
normally in the photocell box through the glass arm 
of the flow-cell. This must be prevented with a piece 
of black cloth or paper. 

M. VERZELE 
laboratory for Organic Chemistry, 
University of Ghent. 
Jan. 18. 
Grant, R. A., J. App. Chem., 8, 136 (1958). 
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BIOCHEMISTRY and PHYSIOLOGY 


Electrophoretic Heterogeneity of Trypsin 
THE sedimentation behaviour of trypsin near pH 3 
las been found to be characteristic of a monodisperse 


solute!-3, and Nord® have also demonstrated 
that trypsin, between pH 4-0 and 5-0, behaves, in 
the absence of calcium ions, as an electrophoretically 
homogeneous protein. However, electrophoresis in 
the presence of a stabilizing concentration of calcium 
Presents two clearly separated boundaries. 

It is well known, however, that the instability of 
trypsin above pH 3 frequently complicates sedimenta- 
ton and electrophoretic studies of this enzyme. As 
no study of the electrophoretic behaviour of trypsin 
near pH 2-3 (its point of maximum stability*) is 
vailable, such an investigation was carried out using 
ed electrophoresis and buffers of pH between 
“6 and 3. A subsequent paper will deal with the 

viour of trypsin at pH 2-5 in free boundary 
electrophoresis. 

The electrophoreses were performed in a Durrum- 
pa cell’, using a potential of 2-5 V./em., and the 
periment was allowed to run for 20 hr. at room 
a (+ 25° C.). The buffer used was a 
Prin of formic acid, pyridine and water in the 
“owing proportions : 4-5:1:94-5. The pH of this 
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Proteolytic activity (absorption at 440 my) 


~ 


Protein value (absorption at 575 mz) 
o 
a 


Distance from origin (cm.) 


Fig. 1 


mixture is 2-6; the addition of 0-03 mole of calcium 
acetate raises this value to pH 2:8. 

The trypsin used was a sample of Worthi m, 
twice crystallized, salt-free, batch TR629SF, whic 
was found to be homogeneous by free boundary 
electrophoresis at pH 5 in the absence of calcium. 

Samples of 0-08 ml. of 4 per cent trypsin dissolved 
in the same buffer were applied to a 8 em. x 54 cm. 
strip of Whatmann No. 3 paper. Immediately after 
electrophoresis the strip was removed and while still 
wet, cut longitudinally in such a way to give three 
segments : two lateral ones, each 2-5 em. wide, and 
a central one of 3 cm. width. 

The central strip (3 cm. wide) was cut at 0-5-em. 
intervals and each paper segment was transferred to 
a test-tube containing 3 ml. of azo-casein solution 
for the measurement of proteolytic activity by the 
method of Charney and Tomarelli®. 

Both lateral strips (2:5 em. wide) were dried and 
the proteins dyed by Durrum’s method’. Some strips 
were treated with a 0:2 per cent solution of ninhydrin 
in acetone, containing 5 per cent of pyridine. 

The results of our experiments demonstrated that 
electrophoresis in the conditions used in this work 
shows the presence in crystallized trypsin of three 
different fractions, even in the absence of calcium 
(Fig. 1). When each of these fractions is extracted 
individually from the paper, lyophilized and again 
submitted to paper electrophoresis, no further hetero- 
geneity was observed. 

Of these three fractions the faster one (/',) con- 
stitutes about 82 per cent of the total protein and 
accounts for 82 per cent of the proteolytic activity, 
as measured by the areas under the curves (protein 
curve and activity curve respectively). The two 
remaining fractions account for approximately 15 
per cent (#,) and 3 per cent (F',) of the total proteins, 
the smaller fraction being also the slower one. The 
area under the activity curve of fractions F,, and F’;, 
taken together, is about 18 per cent of the total. The 
proteolytic activity of the slower fraction, due to 
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Table 1 


Protein (per cent) 


Table 2 


Percentage of total area under 
activity eurve 


its low relative concentration, was not measured 

separately. 

In our experiments, calcium ions up to 0:05 M had 
no influence on the quantitative distribution of the 
trypsin fractions (Table 1), or on the distribution 
of activity (Table 2). In both cases, that is, in the 
presence, as well as in the absence, of calcium, the 
only ninhydrin-reacting substances observed were 
the same three fractions mentioned before. The 
absence of trypsin-split products seems to indicate 
that no autolysis occurred during electrophoresis. 

The identity of F, with the fraction which appears 
during free boundary electrophoresis at pH 5 in the 
presence of stabilizing concentrations of calcium ions 
is under investigation. A comparison of the proteo- 
lytic activity of F, with F, is also being made. 

J. C. PERRONE* 
L. V. DisrrzEr* 
G. Domont 
Instituto Nacional de Tecnologia, 
Rio de Janeiro. 
Nov. 25. 

* Fellows of the Conselho Nacional de Pesquisas. 
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Albumin labelled with lodine-13! in an 
Analbuminemic Subject 


THE behaviour of plasma proteins labelled with 
iodine-131 in the circulation of animals has been 
shown!- to correspond with that of the same proteins 
biosynthetically labelled with carbon-14, supporting 
the view that the iodine label, if properly applied, 
may be a reliable indicator of the behaviour of 
unlabelled molecules. 

A unique opportunity to test this directly was 
presented to us by the availability of a brother and 
sister with congenital absence of albumin in the 
plasma‘. The sister was infused over 9 hr. with a 
mixture of 148 gm. re-crystallized human albumin 
(Behringwerke, Marburg) and 3-0 mgm. of the same 
slbumin labelled with 0-80 atom iodine per mole 
according to procedures which have been described®.*. 
10 min. after the end of the infusion the plasma of 
this subject contained 2-63 gm. albumin per 100 ml. 
and this value only declined to 1-10 gm./100 ml. at 


the end of 10 weeks, indicating @ poor ability to 
eatabolize albumin. During this period numerous 
measurements were made of plasma radioactivities 
and of absolute albumin concentrations by (a) paper 
electrophoresis and (b) precipitation of total plasma 
proteins with trichloracetic acid and extraction of 
albumins with ethyl alcohol’. 

The results (Fig. 1) indicate that specific radioactiy- 
ities had not changed significantly after 7 weeks and 
therefore no discrimination had occurred between 
iodine-labelled and unlabelled albumin molecules. 


110 


Specific activity 


o 


0 
Fig. 1. Specific activities expressed as a percentage of that of 
the first sample: ©, based on electrophoretic estimation of 


albumin; @, based on alcohol-trichloracetic acid albumin 
estimations 


A full description is in preparation®, including details 
of an earlier experiment on the same patient using a 
commercial albumin labelled with iodine-131. In 
this study the labelled albumin, which was injected 
3 days before the infusion, was eliminated much faster 
than the unlabelled albumin. 

T. FREEMAN 
C. M. E. Marruews 
A. S. McFartane 
National Institute for Medical Research, 
The Ridgeway, 
Mill Hill, 
London, N.W.7. 
H. BENNHOLD 
E. KALLEE 
Medizinische Universitéts-Klinik und Poliklinik, 
Tiibingen. 
Dee. 22. 
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Effect of Clipping the Coat on the 
Thermoregulatory Reactions of Dairy 
Heifers 
Ir is well known that the coat has a marked insula- 
tive value, reducing the ability of the animal to 
dissipate heat to its environment. The reduction in 
the loss of heat occurs mainly in the conductive and 
convective components of loss'. The reduction in the 
potential loss of radiant heat may be of sizeable 
magnitude when the coat overlying the skin is thick 
and dense enough to prevent the skin from ‘seeing’ & 
cooler environment. There is the further possibility 
that the coat reduces the loss due to evaporation’. 
This reduction in the loss of heat may be critical 
in highly productive animals in a hot environment. 
It may be even more critical in such animals as dairy 
cattle, which are characterized by a relatively limited 
ability to dissipate heat by vaporization. 
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Table 1 


Total 


Ventila- 
tion-rate 
(1./min.) 


Pulmonary 
vaporization 
(gm./hr./cow) 


consumed 
(Ib./day)* 


| Before clipping 739-1 
732-3 
| Statistical significance 

| of change 


151-0 


11-88 
146-0 13 -64 


P<0-05 


150-5 
142-2 


* Values for consumption of food and water from unpublished data of Ragsdale et al. (1958). 
+ Total values for vaporization from unpublished data of Yeck (1958). 


An attempt has been made to evaluate the effect 
on some thermoregulative reactions by clipping the 
coat of dairy heifers. Four heifers (2 Brown 
Swiss and 2 Holstein), 20 months old, previously 
exposed for one month at high temperatures, were 
kept for two weeks in air at constant temperature and 
relative humidity in one of the climatic chambers 
at the University of Missouri Psychroenergetic 
Laboratory. The average of readings taken at 2-hr. 
intervals was 89-1 + 1-39° F. for the air temperature 
and 69-0 + 5-6 per cent relative humidity. These 
environmental conditions were chosen as they cause 
a definite thermal stress, but are not too severe. 

After one week of exposure the animals were clipped 
with a hair clipper used regularly in clipping dairy 
cows. This type of clipper was preferred in order to 
simulate practices and conditions generally en- 
countered in the dairy industry. 

The reactions studied included daily measurements 
of rectal temperature, respiration-rate, ventilation- 
rate, tidal air, respiratory vaporization, heat produc- 
tion by the open circuit method*, water and feed 
consumption. The surface radiant temperature was 
measured (using a Hardy dermal radiometer) on 
five regions of the body, once on the unclipped animals 
and once after clipping. Total vaporization measure- 
ments by the tent method‘ were made twice before 
clipping and twice afterwards. A fixed schedule of 
management and timing: of measurements was 
observed. 

The averages for the reactions measured are given 
in Table 1. 

The rectal temperature remained practically the 
same in spite of the clipping. There were drops in 
respiration-rate, total vaporization, ventilation-rate, 
pulmonary vaporization, and a similarly non-signific- 
ant increase in tidal air volume. Although statistic- 
ally non-significant, the occurrence of all these changes 
may indicate some alleviation of the thermal stress. 

The surface temperature increased by 0-46 deg. F. 
after clipping, an increase that was highly significant 
statistically. The loss of heat varies with the tempera- 
ture gradient between the surface and air tempera- 
tures. The increase in the temperature gradient may 
be estimated by the ratio: 

surface temp. after clipping — air temp. _ 

surface temp. before clipping — air temp. 

95-95 — 89-1 

95-49 — 89-1 
Thvefore, an approximate increase of about 7 per 
cent may be assumed to have occurred in the tempera- 
ture gradient, and probably the coefficient of insula- 
tion decreased too. 

It is noteworthy that this increase in loss of heat 
Was not reflected in a drop in the rectal temperature, 
although the rectal temperature is a fairly accurate 
*stimate of the deep-body temperature’. 
© animals reacted to the increase in dissipation 


of heat by increasing their production of heat and 


consumption of food by a statistically significant 
amount. 

It is generally accepted that the production of heat 
is closely related to the level of productivity. 

The rectal temperature of 103° F., although 
markedly higher than that accepted as normal, did 
not inhibit an increase in the production of heat 
when the loss of heat was accelerated. This indicates 
the equality of production and loss of heat, as well as the 
independence of rectal temperature and heat produc- 
tion within the physiological limits of this experiment. 
On the other hand, this experiment indicates that the 
peripheral insulation may well have an important 
place in determining the expression of the full poten- 
tial heat production of fur-bearing homceothermic 
animals. 

Grateful acknowledgments are made to the 
Jewish Agricultural Society, New York, for the 
fellowship granted to one of us (A. B.) and to the 
members of the University of Missouri Climatic 
Project for their co-operation. 

A. BERMAN 
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Hebrew University, 
Rehovot, Israel. 
H. H. Krister 
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University of Missouri, 
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Pharmacological and Toxicological 
Properties of 5-Benzylidenerhodanine 


In connexion with the study of the chemistry of 
5-benzylidenerhodanine  (5-benzylidene-2-thiooxo-4- 
oxothiazolidines) by A. Mustafa et al.! the pharma- 
cological action of these compounds exemplified by 
5-benzylidenerhodanine (I) has now been investi- 
gated 

S—~——C=CH.C,H, 
| 
S=C 
\w 
H 


(I) 


5-Benzylidenerhodanine (mol. wt. 221; m.p. 204° 
C.) is a yellow, crystalline, odourless substance. It is 
soluble in aqueous sodium bicarbonate solution, but 
when warmed with dilute aqueous alkali the hetero- 
cyclic ring is opened with the formation of phenyl- 
thiopyruvic acid*-*. It is soluble on warming with 
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propylene glycol, and its solution is stable to light 
and air. 

Concerning the pharmacological activity it seems, 
so far as we are aware, that the biological actions of 
5-benzylidenerhodanine have not been investigated, 
except for the observations of Mazzanti® on its action 
on the functional activity of the pancreas. Mazzanti 
found that it does not affect the level of the blood 
sugar in rabbits in a dose of 190 mgm./kgm. body- 
weight for two days. 

In these studies the compound was dissolved in 
5 per cent sodium bicarbonate solution. The solubility 
is accelerated by mild heating, a clear yellow solution 
being obtained. 1 gm. dissolves in about 200 ml. 
of 5 per cent sodium bicarbonate solution. 

Blood-pressure studies were conducted on 5 dogs 
under ether anzesthesia, and on 3 dogs under chloralose 
anesthesia. Carotid blood pressures were recorded 
with a mercury manometer. Injections were made 
into the saphenous vein. In a dose of 133 mgm./kgm. 
body-weight, a rise of blood pressure of about 40 mm. 
of mercury was recorded. This hypertensive action 
was of short duration (5 min.). An injection of an 
equal volume of the solvent alone (5 per cent sodium 
bicarbonate) produced a rise in blood pressure of 
about 10 mm. of mercury, After blocking the auton- 
omic ganglia with pentamethonium, the compound 
still exerted its effect on pressure. It was noticed 
that after ganglionic blockade the pressor activity 
was much intensified ; but the duration of action 
remained the same. After the administration of 
phentolamine, the same dose of 5-benzylidenerhod- 
anine produced an elevation of blood pressure of 
about 30 mm. of mercury. 

The rate and amplitude of respiration were increased 
during the vascular actions of the drug. 

In two of the dogs used in the foregoing studies, 
electrocardiogram leads I, II and III were taken 
under anesthesia and shortly after the injections of 
5-benzylidenerhodanine. There appeared to be no 
significant difference in the regularity or form 
of the tracing in any animal in any lead. 

A very dilute solution of 5-benzylidenerhodanine 
was prepared (1 in 1,000) and perfused through a 
toad’s heart in situ. Ten experiments were carried 
out. There appeared to be reduction in both the 
rate and force of contraction, The heart recovered 
after washing. When the heart was nicotinized 
with 1 per cent nicotine solution to block the para- 
sympathetic ganglia located in the heart, the drug 
still produced a cardiac inhibitory action. 

A rabbit’s heart was extirpated after killing the 
animal by cerebral contusion. The defibrinated 
blood was mixed with Locke—Ringer’s solution and 
perfused through the aorta. Tracings were made 
of the heart-beat. At intervals of 5 min., 5 ml. of 
1 in 1,000 solution of 5-benzylidenerhodanine in 
Locke-Ringer’s solution were introduced into the 
perfusion fluid. Five experiments were made, 
and in each case the effect upon the rabbit’s heart 
coincided with the results obtained on the toad’s 
heart in situ, namely, there is depression of both rate 
and force of cardiac contractions. 

The effect of 5-benzylidenerhodanine on isolated 
strips of rabbit jejunum was determined. The 
strips were suspended in oxygenated Locke’s solution 
at a constant temperature of 37°C. At a concentra- 
tion of 1 in 2,000, 5-benzylidenerhodanine produced 
a contraction of the normal jejunum which is followed 
by depression, from which the intestine could be 
recovered by washing. If nicotine was added to the 


bath (1 per cent) to paralyse the parasympathetic 
ganglia and then 5-benzylidenerhodanine added 
there was also an initial stimulation of brief duration 
which was followed by depression. Isolated strips were 
obtained from virgin rats. They were suspended in 
oxygenated Locke’s solution and kept at a constant 
temperature of 37° C. In a concentration of | jn 
2,000, 5-benzylidenerhodanine produced a decrease 
in the uterine tonus with a diminution of the individual 
contractions. After the uterine strips were first 
treated with ergatoxine, 5-benzylidenerhodanine 
still produced a depression in tonus. 

The pharmacological activity of 5-benzylidene. 
rhodanine and of 4-benzylidene-2-thiooxo-5-oxo- 
thiazolidine will be described elsewhere. 

Satan A. TawaB 

AumED MustaFa 

A. F. A. Maweoup Suatasy 
Departments of Pharmacology and Chemistry, 

University of Cairo. 
Nov. 25. 

' Mustafa, A., et al., J. Org. Chem. (in the press). 
* Allan et al., J. Chem. Soc., 5053 (1952). 
* Granacher et al., Helv. chim. Acta, 5, 610 (1922). 
‘Campbell, and Mekail, J. Chem. Soc., 1251 (1948). 


* Mazzanti, L., Bull. Soc. Ital. Biol. Sper., 80, 599 (1954); Chem, 
‘Abstr.. 49, 1219 (1955). 


The y-Aminobutyric Acid and Glutamic Acid 
Content of Brains of Rats treated with 
Toxopyrimidine 


In 1939, Abderhalden! found that the administra- 
tion of the pyrimidinic moiety of the thiamine 
molecule (2-methyl, 4-amino, 5-oxymethylpyrimi- 
dine ; toxopyrimidine) to rats reared on suitable diet 
caused convulsions and death in a few hours. After- 
wards, Makino et al.2. showed that the convulsive 
action of the toxopyrimidine could be overcome by 
administering pyridoxamine, and Makino and Koike** 
gave enzymatic evidence of the competitive antagon- 
ism between vitamin B, and toxopyrimidine showing 
the in vitro inhibition of tyrosine-decarboxylase by 
toxopyrimidine phosphate. 

The role of pyridoxine deficiency or antagonists in 
the seizure mechanisms has been well established‘. 
Tower® emphasized the importance of the glutamic- 
y-aminobutyric acid system in neuronal activity and 
the close connexion between the dysfunction of this 
system and the onset of convulsions. ; 

Since toxopyrimidine, which in vitro has an anti- 
pyridoxine action, produces in vivo epileptic seizures, 
it seemed desirable to study the in vivo action of 
this substance on the glutamic-y-aminobutyric system 
of the brain, in relation to the activity of glutamic 
decarboxylase. 

Therefore, we determined the y-aminobutyric acid 
and glutamic acid contents of the brain of rats treated 
both with toxopyrimidine and toxopyrimidine fol- ’ 
lowed by pyridoxamine. 

Male albino rats, weighing 60-70 gm., placed for 
7 days on a diet deficient in vitamin B, similar to 
that described by Makino e¢ al.*, were intraperitone- 
ally injected with toxopyrimidine (125 ygm./gm. body- 
weight), dissolved in saline. At 90-120 mm. 
after the injection, that is, after the onset and 
several replications of the convulsive seizures, 
animals were killed by decapitation. The pyridox- 
amine (62 ugm./gm. body-weight) was injected im 
the peritoneum of rats showing seizures, and the 
animals were killed at different times after the 
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{ube 1. y-AMINOBUTYRIO AOID AND GLUTAMIC ACID CONTENT OF 
THE BRAIN OF RATS TREATED WITH TOXOPYRIMIDINE 


Content (mgm./gm.) 


of 
qeants Condition y-Amino- Glutamic acid 
butyric acid 
11 Treated 0-161 + 0-007 | 1-59 + 0-059 
16 Controls 0-210 + 0-004 | 1-65 + 0-033 
12 Normals 0-203 + 0-003 | 1°53 + 0-028 


juble 2. y-AMINOBUTYRIC ACID AND GLUTAMIC ACID CONTENT OF 
raz BRAIN OF RATS TREATED WITH TOXOPYRIMIDINE X- 


AMINE 
Hours 
No. of after Content (mgm./gm.) 
experi-| Condition vitamin 
ments B, y-Amino Glutamic acid 
injection | butyric acid 
Treated 0 0-161 + 0-007 | 1-59 + 0-059 
8 | Treated + B, 14 0-175 + 0-005 | 1-49 + 0-074 
4 | Treated + B, 34 0-203 + 0°012| 1°56 + 0-005 
4 | Treated + B, 6 0-199 + 0-015 | 1-47 + 0-170 
12 Normals 0 0-203 + 0-003 | 1-53 + 0-028 


injection (Table 2), when all convulsive symptoms 
had disappeared. 

The controls received the deficient diet for 7 days, 
and the normal rats were kept on the complete diet 
used by us in breeding. In every case, after decapita- 
tin, the brain was removed very quickly, weighed 
and homogenized in 75 per cent ethanol in centrifuge 
tubes. 

The y-aminobutyric acid and glutamic acid were ex- 
tracted from the brain following the method of 
Roberts and Frankel® with slight modifications. 

The extract was applied on a wide sheet of What- 
man No. 1 filter paper using an ‘Agla’ micrometer 
syringe. Four controls were run in each chromato- 
gam. The developing solvent for the descending 
chromatography was a freshly prepared solution con- 
taining isopropanol/acetic acid/water (100 : 24 : 
Chromatography continued for 40—44 hr. at 20+42° C. 
The spots were revealed and eluted following the 
method of Montreuil and Khouvine’!. The optical 
densities were read in a Beckman spectrophotometer 
model DU, at 505 my, using 1-cm. cuvettes. 

The results summarized in Table 1 show that, 
vhile the 7 days of vitamin B, deficiency failed to 
modify the y-aminobutyric acid cerebral content, 
‘oxopyrimidine, which produced serious epileptic 
seizures, caused a statistically significany (¢ = 6-38 ; 
P < 0-001) decrease of this amino-acid in comparison 
with the controls. No detectable modification, on 
the contrary, was found in the glutamic acid 
content. 

The administration of pyridoxamine to the epi- 
kptie rats, which stopped the convulsions in about 
\hr., did not modify the y-aminobutyric acid cerebral 
content so quickly. In fact, the normal level in the 
brain was attained only after 3} hr. from the vitamin 
Injection, although at 1} hr. some increase was 
already noticeable (Table 2). 

The decrease of the y-aminobutyric acid content of 
the brain, after administration of toxopyrimidine, is 
likely to be related to the inhibition of the glutamic- 
decarboxylase by toxopyrimidine. Work on this is 
tow in progress in our laboratory. 

It is more difficult to explain the finding of no 
tal tion in the glutamic acid content of the 

re Tentatively, we can assume that the amount 
% this acid derived from the inhibition of the 
shtamie-decarboxylase was further metabolized to 
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support the energy needs during epileptic seizures!*, 
so disappearing from the tissue. 
G. Rinpr 
G. FERRARI 
Institute of Human Physiology, 
University of Pavia. 

1 Abderhalden, R., Klin. Wschr., 18, 171 (1939); Pfliigers Arch., 
ae” (1939). See also Z. Vitam. Horm. Fermentforsch., 6, 295 

? Makino, R., Kinoshita, T., Sasaki, T., and Shioi, T., Nature, 178, 
34 (1954). 

* Makino, K., Kinoshita, T., Aramaki, Y., and Shintani, §., Nature, 
174, 275 (1954). 

* Makino, K., and Koike, M., Nature, 174, 1056 (1954). 

5 Makino, K., and Koike, M., Enzymologia, 17, 157 (1954). 

* Tower, D. B., Amer. J. Clin. Nutr., 4, 829 (1956). 

7 Killam, K. F., and Bain, J. B., J. Pharmacol. Exp. Therap., 119, 
255, 263 (1957). 

* Tower, D. B., Nutr. Rev., 6, 161 (1958). Symposium III, Fourth 
Int. Cong. of Biochemistry, Vienna (Sept. 1958). 

® Roberts, E., and Frankel, 8., J. Biol. Chem., 187, 55 (1950). 

1 Rohrlich, M., and Rasmus, R., Z. LebensmitUntersuch. Forsch., 
104, 313 (1956). 

uu Mamsee) M., and Khouvine, Y., Bull. Soc. Chim. Biol., 36, 425 


12 Tower, D. B., “The Neurochemistry of Seizures” in ‘Progress in 
Neurobiology’, 1, 183 (Hoeber, 1956). 


Effect of Dietary Protein on the Severity 
of Experimental Mouse Hepatitis 


THERE are few observations concerning the effect 
of nutritional state on human hepatitis. These have 
produced conflicting results'!*. As all attempts to 
culture the virus of human infectious hepatitis have 
been unsuccessful® the effect of dietary deficiency on 
mouse hepatitis was investigated. M.H.V.3 virus 
isolated by Dick, Niven and Gledhill* was selected. 
This virus is uniformly fatal to weanling mice but 
mortality decreases with age. Swiss Webster strain 
mice (Budd Mountain Farm, Chester, New Jersey) 
were used. The severity of M.H.V.3 infection is 
enhanced by Lperythrozoon coccoides. Peripheral 
blood films from the experimental mice showed they 
did not carry Eperythrozoon coccoides. 

It has been shown that choline deficiency does not 
affect the course of mouse hepatitis virus infection‘. 
During this work it was noticed that the mortality 
of mice on some of the experimental diets was much 
higher than that of mice on a standard laboratory 
diet. The standard laboratory diet was ‘Purina 
Chow’, which is stated by the manufacturer to contain 
26-8 per cent protein. The experimental diets 
contained considerably less protein. 

The effect of two diets differing in protein content 
was therefore studied. One experimental diet con- 
sisted of (per cent by weight) : 


Casein 26 
Dextrin 62-5 
Lard 6 
Cod liver oil 1 
Salt mixture No. 2 U-S-P. 3 
Vitamin mixture (ref. 6) 1 
Alpha tocopherol 0-01 
Choline 0-5 


The other diet contained 8 per cent casein and 80-5 
per cent of dextrin, but was otherwise identical in 
composition. Both diets were adequate for growth, 
but weight gain was more rapid in the animals on the 
high protein diet. 

In one typical experiment two groups of 30 mice, 
aged 32 days, which had been on.the experimental 
diets for eleven days, were inoculated intraperitone- 
ally with 0-1 ml. of a 1 per cent mouse liver suspension 
obtained from mice infected with M.H.V.3 virus. 
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Table 1. NUMBER OF MICE DYING EACH DAY AFTER INJECTION OF 
M.H.V.3 Virus 


Day Total 
1283 45 67 8 9 10 11 12 | deaths 


(30mice) 1000333000 0 0 0] 9 


Low protein 
diet : 


The number of mice dying each day after injection 
is shown in Table 1. The mortality rate of mice on 
the high protein diet was thus approximately half 
that of mice on the low protein diet. This difference 
is statistically significant (y? = 5-6, P < 0-02). It 
is concluded that a decrease in protein content 
affects adversely the mortality from virus hepatitis in 
mice. This finding confirms that a high protein diet 
is protective against hepatotoxic agents’ and is in 
keeping with observations suggesting that dietary 
deficiency may be harmful in human hepatitis’. 

Mirick and Leftwich* found that a prolonged 
deficiency of pyridoxine adversely affected the 
resistance of mice to pneumonitis virus. In their 
paper they review a few previous similar observations. 
One of these was made by MacCallum and Miles®, who 
inoculated material from patients with infectious hep- 
atitis into rats. They produced a transmissible disease 
in protein-deficient rats but not in well-nourished 
animals. In view of subsequent work on infectious 
hepatitis it seems likely that in their findings, as in 
the present investigation, a rodent virus rather than a 
human virus was causing the experimental hepatitis. 
While the clinical picture of many virus diseases can 
be altered by dietary deficiency’® the usual effect is 
to render animals on deficient diets relatively insus- 
ceptible. The present observations, like those of 
Mirick and Leftwich®, constitute an exception to this 
rule. 

This work was supported by a grant from the 
National Research Council of Canada. 

Boris RUEBNER 
JAMES L. BRAMHALL 


Department of Pathology, 
Dalhousie University, 
Halifax, Nova Scotia. 
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Oxidative Metabolism of Cartilage 


ALTHOUGH utilization of oxygen by mature cartilage 
is very low, with Qo, values ranging between 0 and 
0-68!-5, studies by Rosenthal, Bowie, and Wagoner* 
and Boyd and Neuman’ have shown that embryonic 
cartilage utilizes significantly greater amounts of 
oxygen (Q0,, 2:2). Paradoxically, although dehydro- 
genases customarily mediated via cytochrome oxidase 
(that is, succinic and isocitric dehydrogenases) have 


Table 1. CYTOCHROME OXIDASE IN CARTILAGE HoMOGENATRS 


(a) Oxidation of reduced cytochrome c at 550 my 


Specimen Mgm. (dry weight) tissue | Decrease in absorbance 
per cuvette in 3-min. interval 


Limulus 0-46 —0-102 
Busycon 0-78 —0-185 
Squalus 1-10 —0-130 


6b) Manometric oxidation of hydr none in syste’ 
(b) ystem limiting 


Mgm. (dry weight) Qo, | 

Specimen | tissue per War- Observed yey (u1./hr./mgm, | 

burg vessel uptake (ul./hr.) dry tissue) | 
Limulus 4-4 44 10-0 
Busycon 8-1 76 9-4 
Squalus 12°7 95 79 


been identified in both mature and embryonic 
cartilage!*, until now the biochemical demonstration 
of cytochrome oxidase activity in cartilage had not 
been accomplished. 

In this communication cytochrome oxidase activity 
in cartilage from invertebrate and vertebrate forms, 
and the existence in cartilage of substances which 
inhibit cytochrome oxidase activity are reported. 

Since cytochrome oxidase is by definition® the 
enzyme which oxidizes reduced cytochrome ec, this 
ability was the first criterion used in demonstration 
of the enzyme in cartilage. 

In Table la are results from typical experiments 


demonstrating the oxidation of reduced cytochrome h 
c by gill cartilage homogenates from young specimens ° 
of Limulus (horseshoe crab), Squalus (dog-fish), and jy ™ 
odontopore cartilage from Busycon (whelk). Auto- 
oxidizability of cytochrome c and settling of homo. § ™ 
genates were eliminated in these experiments. Boiled pe 
homogenates were inactive. The ability of hom- § “ 
genates to oxidize reduced cytochrome c was inhibited  ™ 
80 and 45 per cent by 10-* M cyanide and azide, a 
respectively. These results represent the first 
spectrophotometric demonstration of the oxidation 
of reduced cytochrome c by cartilage from any source. 
In Table 1b results are given for the manometric 
determination of cytochrome oxidase activity" 
using hydroquinone as substrate and added cyto- Ma 
chrome c. Boiled homogenates were inactive. With- ‘ 
out exogenous cytochrome c enzymatic hydroquinone 
oxidation was not demonstrable. 10-* M cyanide ix 
and azide inhibited 55 and 34 per cent, respectively. ; a 
The Qo, values, ranging between 7-9 and 10-0, are ‘Dj 
the highest thus far reported for cartilage tissue. ‘Ta 
The occurrence of negative and questionable 
experiments during the above studies led to the ) 
conjecture that cartilage homogenates might contain "Bo 
substances which inhibit oxidative metabolism. ua 
Preliminary evidence for the existence of such inhibi- Ke 
tors was found in the studies of cartilage metabolism W Bie 
by Lutwak-Mann". Accordingly, experiments were an 
performed to test this hypothesis. In Fig. 1 8 la 
depicted the effects of addition of Limulus gill 
cartilage upon cytochrome oxidase activity of Tat- 
heart-muscle homogenates. As the quantity of 
cartilage homogenate added to the system Wwe 
increased, the oxygen utilization of a given amount T 
of heart homogenate decreased. Similar inhibitory ght 
actions were found in cartilage from the whelk, val evid 
fish, rat, and dog, using both manometric pete 
spectrophotometric assays for cytochrome oxida 
activity. Neither cytochrome oxidase activity ™ Hf 4. 
the existence of inhibitory substances have bet glut 
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Fig. 1. Effect of adult Limulus gill cartilage on hydroquinone 

oxidation via cytochrome oxidase of rat-heart homogenate. 

Curve 1, 1-0 ml. rat-heart homogenate in total volume of 3-0 ml. 

Curves 2, 3 and 4 contain in the same total volume 1-0-ml. rat- 

heart homogenate, plus 0-1, 0-5 and 1-0 ml., respectively, of 
cartilage homogenate 


has also been studied. Full details of the above 
experiments are being prepared for publication else- 
where. 
Since cartilage cells ‘degenerate’ as the tissue 
matures (even in young animals), one reason for the 
past inability to detect cytochrome oxidase in 
cartilage may be such cell degeneration. Another 
reason, now evident and requiring more detailed 
study and consideration, appears to be the presence 
in cartilage of inhibitors of oxidative activity. 
Puitip PERSON 
ALBERT FINE 
Special Dental Research Laboratory, 
Veterans Administration Hospital, Brooklyn, 
New York, and 
Marine Biological Laboratory, Woods Hole, Mass. 
Dee. 1. 
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Chemical Excitation of Spinal 
Neurones 


THE presence of comparatively large quantities of 
glutamic acid in brain together with the conflicting 
bo of the effects of glutamic acid administra- 

on" have led to an investigation of the effects of this 
and related monoamino-dicarboxylic acids upon 
‘pal cells. When applied ionophoretically, both 

and aspartic acids were very effective in 
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evoking repetitive discharges from all types of inter- 
neurones located in the dorsal horn and intermediate 
nucleus of the spinal cord of the cat. For example, 
Fig. 1A illustrates the spike potentials of a dorsal 
horn cell activated orthodromically and recorded by 
means of one barrel of a double-barrelled electrode. 
The background discharge-rate of this cell was zero 
(Fig. 1B). Several seconds after a current of 120 mu 
amp. was employed to pass anion from a saturated 
solution of the sodium salt of t-glutamic acid (pH 8-5) 
in the other barrel of the electrode, the cell fired with 
a frequency of 100 per sec. (Fig. 1C), and 5 sec. later 
this had risen to 440 per sec. (Fig. 1D). 1 sec. 
after the current was stopped, the cell ceased firing. 
Control experiments indicated that this excitatory 
action was due specifically to the amino-acids and 
not to other effects arising from the passage of the 
ionophoretic currents. 

When these substances were similarly applied to 
the surface of motoneurones from the extracellular 
barrel of a co-axial electrode, the intracellular 
electrode recorded a membrane depolarization which, 
when summed with the depolarization arising either 
from current passed through the intracellular elec- 
trode or from sub-threshold synaptic excitation, fired 
the cell. Intracellularly recorded excitatory and in- 
hibitory post-synaptic potentials of motoneurones 
were found to be slightly changed by the extra- 
cellular ionophoretic application of aspartic and 
glutamic acids. These effects would be expected 
to arise as a result of the concurrent depolariza- 
tion’. 

Renshaw cells, activated in the typical manner by 
acetylcholine applied ionophoretically from one barrel 
of a multibarrel electrode, were also excited by 
-glutamic or aspartic acids applied in a similar fashion 


10 msec, 


Fig. 1. Spike potentials of an interneurone located in the dorsal 
horn of the spinal cord and recorded from the sodium chloride 
containing barrel of a double barrel electrode. A, stimulation of 
the superficial peroneal nerve; B, background discharge in the 
absence of stimulation; C and D, recorded as in text during the 


arey: +4 of glutamic acid from the other barrel of the electrode 
nto the extracellular environment of the cell. Voltage calibration 
1 mV. for all records. Time, 10 
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from another barrel. Since neither interneurones nor 
motoneurones responded to acetylcholine applied 
ionophoretically, it appears that these amino-acids 
are capable of exciting neurones normally activated 
synaptically by different transmitter agents. 

Consequently, these observations suggest that 
glutamic and aspartic acids have a non-specific 
excitatory action upon certain spinal neurones, a 
finding which is in accordance with earlier observa- 
tions upon the non-specific depressant actions of the 
related monoamino-monocarboxylic acids‘. These 
results provide a possible explanation of the con- 
vulsive disorders associated with disturbances of 
glutamic and aspartic acid metabolism‘. 


D. R. Curtis 
J. W. 
J. C. WATKINS 


Department of Physiology, 
Australian National University, 
Canberra. 

Nov. 17. 


+ Strecker, H. J., “‘Metabolism of the Nervous System’’, 459, edit. by 
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Press, 1957). 

* Curtis, D. R., and Eccles, R. M., J. Physiol., 141, 485 (1958). 

‘ Curtis, D. R., and Phillis, J. W., Nature, 182, 323 (1958). 

* Tower, D. B., ““Neurochemistry’”’, 169, edit. by Korey, 8. R., and 
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Anti-Tumour Activity of 5-Mercaptouracil 


5-MERCAPTOURACIL, a structural analogue of 
thymine, was synthesized several years ago’. This 
compound (and its disulphide) inhibited the growth 
of Lactobacillus leichmannii at 1-3 ypgm./ml. con- 
centration, and this inhibition could be reversed 
‘competitively’ with thymine. It was tested in 
several experimental mouse tumours ; in some cases, 
it caused tumour inhibition of borderline significance, 
at less than the maximum tolerated dose’. 

The effect of 5-mercaptouracil on the biosynthesis 
of deoxyribonucleic acid was studied, by micro- 
biological inhibition analysis techniques, in relation- 
ship with other antimetabolites‘ ; this work was part 
of a research programme aimed at the inhibition of 
biosynthesis of deoxyribonucleic acid at several con- 
secutive and/or alternative reaction steps. It was 
concluded that there are at least two alternative 
pathways for the biosynthesis of ‘DNA-thymine’, 
only one of which (Fig. 1, @ + 6) involves the 


DNA-T 


TDR-P «———— TDR 


Fig. 1, Pathways of DNA-thymine biosynthesis from uracil and 
ations : U, uracil ; 
TDR- 


dine ; 


phate ; 
(tetra: 


n B,, enzyme 
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utilization of thymine itself. The ability to convert 
thymine to thymidine (step b) which, at least in the 
case of L. leichmannii, requires either the catalytic 
action of vitamin B,, or the presence of deoxyribp. 
sides, varies from organism to organism ;_ it may be 
expressed in a quantitative manner by a ‘conversion 
ratio’, high for L. leichmannii (1:5) and low for 
L. arabinosus (1: 450). This conversion ratio js 
increased by excess thymine (‘mass action’), de. 
creased by thymine antagonists, and not directly 
affected by anti-folic or anti-uracil compounds, 
Although the latter antimetabolites do inhibit the 
preceding (a) step (that is, the conversion of uracil 
to thymine), this step is altogether by-passed in the 
presence of exogenous thymine. 

The alternative (c) pathway requiring the folic acid 
(tetrahydrofolic acid) enzyme is strongly inhibited 
by anti-folic and anti-uracil compounds, and js 
unaffected by thymine or thymine antagonists. Some 
thymine antagonists, however, may act here as 
‘substitute metabolites’. 5-Bromouracil, for example, 
actually reverses the inhibitory action of anti-folic 
and anti-uracil compounds‘. More recent work by 
Friedkin® and by Kornberg* established the inter- 
mediate reaction steps along route c of our scheme‘ 
in the manner indicated in Fig. 1. 

On the basis of this more detailed representation 
of route c, it is now possible to understand, by 
analogy, the corresponding transformations of 5- 
bromouracil (by the enzymes of route ¢ but bypassing 
the methylation step) which lead to its incorporation 
into deoxyribonucleic acid. 

In contrast, 5-mercaptouracil does not seem to act 
as a ‘substitute metabolite’ along route c; and, 
probably by inhibiting the alternative a + b path- 
way at step b, it seems to potentiate the inhibitory 
action of anti-folic and anti-uracil compounds. This 
was found to be the case in various microbiological 
systems (results will be reported elsewhere) ; particu- 
larly strong synergism was found between 5-mer- 
eaptouracil and 2,4 -diamino - 6,7 - dimethy] -2,4- 
deoxyalloxazine’? in inhibiting the growth of 
L. arabinosus. 

The synthesis of 5-fluorouracil by Heidelberger 
and his co-workers* provided a most effective anti- 
uracil compound which is far superior to 5-nitrouracil 
used in our earlier work’. The transformations of 
5-fluorouracil (along route c) to 5-fluorodeoxyuridylic 
acid, and its mechanism of action via inhibition of 
the methylation step, have been described’. As it 
blocks the same reaction step of route c which requires 
the folic acid (tetrahydrofolic acid) enzyme, it is not 
surprising that there is no synergism between 5-fluoro- 
uracil and folic acid antagonists?°. 

5-Fluorouracil is a powerful inhibitor of several 
mouse and rat tumours*. These animals are known 
to utilize thymine very poorly"; instead, route ¢ 
appears to be their main pathway of deoxyrib0- 
nucleic acid-thymine biosynthesis. | However, if 
route ¢ is blocked by 5-fluorouracil, route 6 becomes 
important, as indicated by a significant increase I 
the effectiveness of 5-mercaptouracil as an inhibitor 
of tumour growth. This effect was demonstrated in 
several mouse tumours. The results of the sarcomé 
180 and adenocarcinoma 755 experiments are sum 
marized in Table 1 (detailed results will be published 
elsewhere). 

The results indicate that 5-mereaptouracil, in tht 
presence of a relatively low di -level of 5-fluoro- 
uracil, causes significant inhibition of tumour grow’ 
This fact is of potential chemotherapeutical interes 
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title 1. INHIBITORY ACTION OF COMBINATIONS OF 5-FLUOROURACIL 
(FU) AND 5-MEBROAPTOURACIL (MU) IN ANIMAL TUMOURS 


Mez.a tumour 
weight 
treated/control 


Dose (s.c.) 
(mgm./kgm./day) 


Com- 
pound 


Adenocarcinoma 755 


* Mean, calculated ey mean eeetet results of four experi- 

ments, totalling 35 mice for each treatment. 

Mean treatedjoontro! results of on experiment with 10 mice in 
group. 


because: (1) it offers the possibility of reducing the 
dinically effective dosage of 5-fluorouracil from its 
present toxic level’? ; (2) since, on the basis of avail- 
able although indirect evidence'*.!*, the thymine 
(vitamin B,,-catalysed) pathway is more important 
in humans than in mice, 5-mercaptouracil may be 
relatively more effective as a therapeutic agent. 

We are grateful to Dr. J. A. Aeschlimann and Dr. 
R. Duschinsky, of Hoffmann-La Roche, Inc., for gift 


samples of the 5-fluoropyrimidine compounds. 
Tuomas J. Barpos 


Research Division, 
Armour and Co., 
Chicago 9. 
ALBERT SEGALOFF 


Alton Ochsner Medical Foundation 
and Department of Medicine, 
School of Medicine, 


Tulane University, 
New Orleans. 
JuLIAN L. AMBRUS 


Roswell Park Memorial Institute 
and University of Buffalo, 


Medical and Graduate Schools, 
Buffalo, New York. 
Dec. 11. 
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An Equation for the Flow of Blood, 
Plasma and Serum through Glass 


Capillaries 

WuEn blood flows through narrow tubes, the larger 
suspended particles tend to accumulate in the centre, 
leaving a zone of plasma near the walls. In mammals, 
the red cells are smaller than the leucocytes but, 
when associated in groups (rouleaux or clumps), they 
will tend to replace the leucocytes in the centre, thus 
altering the distribution of concentration. This 
means that Poiseuille’s fourth-power radius law fails 
to hold?. Several authors, notably Fahraeus*, have 
stressed the importance of this in large and small 
vessels in vivo. The significance of intravascular 
clumping or ‘sludging’ has been widely discussed by 
Knisely and his school® (see also ref. 4). 

A quantitative measure of the changes in apparent 
viscosity, defined as shear stress (t) divided by 
shear rate (D), when this is not independent of D, 
is not difficult so long as the curves plotting D 
against t (known as ‘flow curves’) are straight, as is 
the case with soil and most clay pastes. Schofield 
and Scott Blair’, who studied these systems, intro- 
duced the term ‘sigma phenomena’ to describe all 
deviations from the fourth-power radius law, what- 
ever their cause. For blood, no equation would seem 
yet to have been proposed which gives a satisfactory 
linear relation by means of which the sigma phe- 
nomena for varying capillary radii can be quantita- 
tively expressed. 

Copley, Krchma and Whitney* came near to finding 
a solution so long ago as 1942. They pointed out that 
flow-curves for blood are nearly straight, but give 
an intercept on extrapolation to the stress or pressure 
axis, that is, blood approximates to Bingham’s well- 
known equation in which D is proportional to +t — tT, 
where t, is a yield-value. Since the curves are not 
quite straight, however, they suggested that “‘a more 
exact relationship might be that of Herschel and 
Bulkley’ or some similar variation”. This implies 
plotting log (t — to) against log D; but the results 
have not proved altogether satisfactory. 

Recently, Casson**®, basing his calculations on 
certain assumptions concerning the magnitude of 
inter-particle forces and disruptive stresses in chain- 
like floccules present in varnishes and printing inks, 
has derived a very simple equation to replace that 
of Bingham : 


ky + k, Di!" 


which reduces to the Newtonian law when ky, = 0. 

Steiner’? has recently shown that this equation 
holds over a wide range of shear-rates for melted 
chocolate and that it makes possible @ satisfactory 
comparison of data from very different types of 


viscometer, for this material. 


Mr. F. A. Glover and I have recently made a num- 


ber of measurements on the viscosity of cows’ blood 


(treated with anticoagulant) and of its plasma and 


serum in a series of capillary viscometers with 
diameters ranging from 0-1 to 0-6 mm. and have con- 


firmed the presence of marked sigma phenomena, 
especially in the narrower tubes, though plasma and 
serum are occasionally so nearly true fluids that the 


anomalies are sometimes too small to measure. Dr. 
A. L. Copley and his staff have also kindly made 


available to us a large number of similar results on 


both human and bovine blood. Not many suitable 
results appear in the literature, but figures from the 
works of Kiimin (cows’ blood)!!, Suter (defibrinated 
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(arbitrary «wnits) 
~ 
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4 4 4 4 


4 6 8 10 


(arbitrary units) 


Fig. 1. Two samples of cows’ blood, after Kiimin 


ox blood)!® and Bircher, cited by Miiller (pig's 
blood)**, show remarkable linearity when is 
plotted against V'/*, except perhaps at the highest 
rates of shear (P, pressure; V, volume flow/sec.). 
A similar linearity was found for all the unpub- 
lished results available. It has not always been 
possible to convert the published data so as to plot 
7 against D, but this does not affect the straight- 
ness of the curves for each individual capillary. By 
way of illustration, two curves are shown from Kiuimin 


(Fig. 1) and one curve from an experiment carried 
out by Mr. Glover, on human blood supplied by Dr. 


Copley (Fig. 2). In Fig. 1 a few points, queried by 


Kiimin, are omitted and the units are arbitrary, nor are 


25 


oa 


(0.6.8. units) 


10 20 30 
(C.G.S. units) 
Healthy human blood 


Fig. 2. 
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they comparable for the two samples. 
absolute units are used. : 

For wide capillaries (diameter > 0:15 mm.) the 
slopes and intercepts of the t!'?/D*/? curves do not 
differ greatly but, in narrower tubes, marked c 
oceur, especially in the values of k,, which may thus 
be directly related to the radius in order to measure 
the extent of the sigma-phenomenon. 

The results of these experiments will be published 
in full elsewhere. The purpose of the present com. 
munication is to show that a plot of 71/2 against Din 
for blood, plasma and serum of several species, gives 
excellent straight lines which extrapolate to the 
origin only in the special case where deviations from 
Newtonian behaviour are too small to measure, thug 
giving a simple quantitative expression for the extent 
of the very important sigma phenomenon. 


I am indebted to my colleague Mr. F. A. Glover, 
who has done many of the experiments, and to Dr. 
A, te Copley, director of experimental research on 


vascular diseases at Charing Cross Hospital, for his 
generous supply of data and for many helpful 


discussions, and to Dr. N. Casson for the loan of a 
proof copy of his chapter in a forthcoming book. 


G. W. Scorr Bram 


National Institute for Research in Dairying, 


University of Reading. 
Jan. 13. 
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Effect of a Sympathomimetic Agent 
(Methoxamine Hydrochloride) on Growth 
of Hair in the House Mouse (Mus 

musculus) 

THE association of an intense capillary network 
with regions of active hair growth in the rat! suggests 
that blood supply plays an important part in the 
mechanism of the hair cycle in rodents. It ws 
therefore of interest to test the effects of a vasocon- 
strictor sympathomimetic drug, methoxamine hydr- 
chloride (8-hydroxy-8(2,5-dimethoxyphenyl) 
pylamine) on the time taken for the spread of the 
hair wave and on the amount of hair grown during 
the cycle.- _ 

The offspring of CBA x A” females backcrose! 
to A’ males were weaned and the dorsal hair clipped 
at 21 days of age. A small patch on the head we 
also clipped. These mice were then weighed daily, 
and the areas of new growth, as shown by the appest- 
ance of yellow hair tips, were noted. The back w* 
divided into six regions for the spread of the hair 
wave and the date recorded when hair appearet 


The regions in order of appearance of hai ai 
shoulder, mid-side, flank, anterior dorsal, mid-dors® 
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Tae Errect oF DaILy INJECTIONS OF METHOXAMINE ON HAIR GROWTH 


| Duration (days) 


ir wave 


Body-weight* | Regions showing Hair-weight 
(gm.) growth* (mgm.) 


| Mean SD. 


| Mean 


S.D. | Mean S.D. Mean S.D. 


‘Controls 27-5 2-02 6-3 3-11 
Methoxamine 28:8 4-43 71 9-84 
80:8 2-24 11:1 4-38 

2 9-35 


001-0001 


Controls 
Methoxamine 31-8 1-76 20 


Signifi e of 
iiference 01-02 


162 22-9 
116 44-6 


< 0-001 


147 18-6 
90 17-8 
< 0001 


* Males, 30 days of age 


and posterior dorsal. The majority of mice followed 
this eyele, Which is described by Borum? as type III. 
The mice were shaved again about 12 days after 
gowth commenced in the final stage and the weight 
of hair grown during the second cycle on the back 
was thus obtained. The initial stages of the third 
cycle rarely started before a further 12 days. 

Methoxamine injections were given daily from 
weaning until the shaving at the end of the cycle or, 
if later, when hair appeared on the head. Constant 
doses were given subcutaneously throughout. Dose- 
rates of 0°15 and 0:25 mgm. in 0:05 ml. were used 
with both males and females and additional males 
were given 0-35 mgm. daily. Control animals were 
injected with 0-05 mil. of physiological saline. 

The results shown in Table 1 were those from all 
treated animals of each sex grouped together because 
differences attributable to the different dose-rates 
could not be detected. The duration of the hair wave 
was taken as the time from the first appearance of 
new hairs to the appearance of hairs in the final area 
on the back. 

The treatment decreased the weight of hair grown 
by mice of both sexes and also increased the duration 
of the hair wave of the females. A retarding of the 
stage of the hair wave at 30 days of age may also 
have occurred for the males. The greater sensitivity 
of the females appears to be associated with the 
longer duration of their wave and also their slower 
body growth, but further results are required to con- 
firm these relationships. However, the male animals 
showed a significant positive regression within the 
treatments (P < 0-01) between body-weight and the 
stage of cycle at 80 days and between this body- 
weight and hair-weight (P < 0-001). Analyses of 
covariance using these regressions did not alter the 
significance of the difference shown for males in 
Table 1. This suggested that the methoxamine was 
hot acting through effects on growth of the body. 
The age at which hair growth appeared on the head 
was not analysed as four of the treated females and 
one treated and one control male had shown no 
growth in this position by the end of the experiment. 
Of those treated animals showing growth in this 
position, five shed the new growth on the previously 
‘lipped area, while seven shed the first-cycle hairs on 
the head and face as well. This shedding of first- 
and second-cycle hairs occurred in a definite sym- 
metrical pattern which extended from a line between 
= ears to a point between the eyes and in some 
“ses extended down the side of the nose. This 
pattern shedding on the head could also be induced 
KA 0-35 mgm. dose of methoxamine at the time 
commencement of hair growth on the head. Some 
slight shedding also occurred in a few treated mice on 


various parts of the body but more detailed studies 


; females, 35 days of age. 


are required to determine to what extent the re- 
duction in hair-weight is the result of such slight 
shedding and whether it occurs in those mice where 
thinning of the coat was not observed. 

These preliminary experiments indicate that the 
control of blood supply can be of considerable im- 
portance to the progress of the hair wave and the 
growth of hair in these mice. The greater sensitivity 
of the hair follicles of the face and head would suggest — 
that blood supply is more critical in this region. 
This is probably associated with a lesser supply than 
other regions during the resting phase of the cycle. 
The pattern of shedding in the head region was very 
similar to the pattern of dark fur on the head of the 
Siamese cat, in which the darker fur is associated with 
a lower skin temperature and presumably lesser 


blood supply. 

Further experiments are being carried out with 
vasodilator substances, and, in addition, the various 
relationships between body growth, the hair wave 
and the weight of hair grown are being examined 
for larger numbers of mice. The investigations will 
be confined to the second hair-cycle, as later cycles 
have overlapping hair waves, thus making it difficult 


to obtain the weight of hair grown in one cycle only. 
I should like to acknowledge the assistance of 


Burroughs Wellcome (N.Z.), Ltd., and the Welleome 
Foundation in supplying “Vasoxine’ brand meth- 
oxamine hydrochloride, The mice are maintained 
with the assistance of a grant from the New Zealand 
Department of Scientific and Industrial Research. 


F. CockrEM 
Sheep Husbandry Department, 
Massey Agricultural College, 
University of New Zealand, 


Palmerston North, 


New Zealand. 


Nov. 27, 


1 Haddow, A., Elson, L. A., Roe, E. M. F., Rudall, K. M., and Timmis 
G. M., Nature, 155, 379 (1945). 


*Borum, K., Acta Scand, Path., $4, 521 (1954). 


Glycosidases in Some Farm Animals 

Ir has been shown that the rat epididymis is the 
richest known source of «-mannosidase, §-galactos- 
idase and £-N-acetylglucosaminidase’, whereas the 
female rat preputial gland is the richest source of 
8-glucuronidase**. : The possibility that the corre- 
sponding tissues in large farm animals might be 
convenient sources of these enzymes was considered. 
Unfortunately, the ewe, cow and sow lack any gland 
resembling the female rat preputial gland. The dis- 
tribution of the four simple glycosidases in ram, bull 


and boar epididymis is shown in Table 1. For pur- 
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GLYOOSIDASE ACTIVITIES IN TESTIS AND EPIDIDYMIS OF VARIOUS SPECIES 
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ial 


Hyaluronidase results expressed in International Units per gm. ( 
o-nitrophenol (f-galactosidase), p-nitrophenol (a-mann 


osidase and 
per gm. moist tissue in 1 hr. at 37° from 


a 
cl 
'-N-acetylglucosaminidase) or 


tandard employed). Other results ressed 
the appropriate glycoside. 


Ram | 


Bull Boar 


Testis | Epididymis | Testi 


s | Epididymis | Testis | Epididymis | 


a-Mannosidase 
8-Galactosidase 
8-N-Acetylglucosaminidase 
6-Glucuronidase 
Hyaluronidase 


* Quoted from Conchie et al. (ref. 1). 


poses of comparison, the activities in testis were 
determined, and earlier rat figures are also quoted. 
The same assay methods as before were employed'. 
Because of the well-known association of B-N-acetyl- 
glucosaminidase with hyaluronidase in the testis, 
parallel measurements of the latter enzyme were 
carried out turbidimetrically*. 

Considering the four simple glycosidases, the most 
striking feature is the enormously high activity of 
6-N-acetylglucosaminidase in boar epididymis, mak- 
ing this a most convenient source of the enzyme 
(total weight of tissue from one animal 200 gm.). 
Very high figures for this enzyme have been recorded 
in boar semen and epididymal secretion’. The figures 
for 8-glucuronidase in boar testis and epididymis are 
in accord with the statement of Sarkar and Sumner* 
that liver, kidney and spleen are remarkably low in 
this enzyme in the pig compared with other mam- 
malian species; their method of assay, however, 
precluded comparison with the results of other 
workers. Our own figures for pig liver, kidney and 
spleen were 170, 20 and 110 phenolphthalein units 
per gm., respectively, which are indeed low for these 
organs ; the non-ionic surface-active agent ‘Triton 
X-100° did not increase these figures’. So far as 
«-mannosidase, $-galactosidase and §-N-acetylglucos- 
aminidase are concerned, it was found that the 
activities in these pig tissues were of the same order 
as corresponding values in the rat?. 

In infant bull and boar testis and epididymis, the 
general relationship observed for all four simple 
glycosidases in the rat! appeared to hold; whereas 
the testis figures were equal to, or greater than, the 
adult ones, the epididymal figures were very much 
lower. 

It can be seen that, in general, the epididymis is at 
least comparable to the testis as a source of hyal- 
uronidase, but the figure for boar epididymis does 
not reflect the §-N-acetylglucosaminidase value of 
this tissue. 

One of us (J. F.) is in receipt of a grant from the 
Medical Research Council. 

J. CONCHIE 
JUNE FINDLAY 
G. A. Levvy 
Rowett Research Institute, 
Bucksburn, 
Aberdeenshire. 
Dec. 19. 
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Distribution of Kappa-Casein in Skim 
Milk 


RECENTLY, it has been reported that, by differential 
centrifugation of skim milk, one may obtain casein 
fractions which differ in their stability toward calcium 
but which appear identical by electrophoretic 
analyses'. Since the casein micelles are stabilized 
by kappa-casein® and this component is not readily 
detected by electrophoretic analysis, it appeared 
that a probable explanation for the above observa- 
tions is that kappa-casein is not evenly distributed in 
the micelles of varying size. It is the purpose of this 
communication to report experimental verification 
of this hypothesis. 

By differential centrifugation of raw skim milk ina 
fixed-angle rotor, six fractions were obtained contain- 
ing from 10 to 90 per cent of the total casein. Each 
fraction was purified by careful solubilization, pre- 
cipitation at pH 4-6, filtration, and thorough washing 
with distilled water. Casein from the original skim 
milk was recovered in a similar manner. Electro- 
phoretic analyses revealed no significant differences 
between the original casein and any of the sub- 
fractions. 

The whole casein and the six casein fractions, 
obtained by centrifuging, were hydrolysed with dilute 
sulphuric acid® after which the concentration of 
N-acetylneuraminic acid was determined by the 
colorimetric procedure of Svennerholm‘. The analyses 
demonstrated a linear increase in the concentration 
of N-acetylneuraminic acid as progressively more 
casein was centrifuged from the milk. However, the 
sample containing 90 per cent of the casein failed to 
account for 90 per cent of the N-acetylneuraminie 
acid found in the isoelectric precipitate from the 
original milk. Therefore, in a second experiment, 
86 per cent of the casein was removed by centrifuga 
tion and the supernatant liquid was examined. After 
the casein in this solution had been precipitated and 
thoroughly washed, analysis for N-acetylneuramimic 
acid revealed a concentration that was more than 
twice as great as that found in whole casein recovered 
from the same lot of skim milk. 

A plot of mgm. of N-acetylneuraminic acid per gm. 
of casein versus per cent casein centrifuged, fitted 
by the method of least squares, yielded the following 
relationship : 


mgm. N-acetylneuraminic acid/gm. casein = 
2-61 + 0-0156 x (per cent casein centrifuged) 


Since about 8 per cent of the casein is non-centrifug: 
able, the above expression was used to calculate the 
concentration of N-acetylneuram‘nic acid for ea 
increment of 8-33 per cent of the casein. Based on the 
results of Waugh®, Nitschmann‘*, and Wake’, it 
calculated that 28-7 mgm. of the acid should corre 
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Micellar diameter, D (A.) 
1,000 631 
Log D 
3-4 3-2 30 28 
100-00 


2,512 1,585 251 200 


2-4 


centrifuged 


Percentage cascin 


10 14 18 22 26 
Percentage kappa-casein 
Fig. 1. The size of the casein micelles (shaded blocks) and their 


content of kappa-casein (solid blocks) as a function of percentage 
casein centrifuged from skim milk 


spond to 1 gm. of kappa-casein. This would account 
for 15 per cent kappa-casein in whole casein, and the 
analyses of two samples of whole casein yielded a 
value of 16 per cent using this factor. The kappa- 
casein concentrations, calculated in this manner, 
are shown in Fig. 1 for eleven increments of centri- 
fugation. Although the composition of the soluble 
casein was obtained from an experiment in which 
only 86 per cent of the total casein had been centri- 
fuged instead of 92 per cent, it appears that this 
fraction represents a distinct break from the trend 
observed with micelles of varying size. The analysis 
indicates that the non-centrifugable casein may 
contain as much as 28 per cent kappa-casein. 

Since kappa-casein is the component responsible 
for the stabilization of the casein micelles, perhaps it 
8 hot surprising to find a correlation between the 
concentration of this component and the particle- 
size distribution of the casein micelles. While the 
change in concentration of kappa-casein with each 
increment of casein that is centrifuged demonstrates 
this relationship, a more direct comparison may be 
made making use of some unpublished results from 
this laboratory on the particle-size distribution of the 
casein micelles. These results were also obtained by 
differential centrifugation of skim milk in a fixed- 
angle rotor. The diameters of the micelles were 
calculated assuming a difference in density of 0-084 
between the micelles and serum. The results were 
corrected for the accumulation of small particles, 

on the analysis of gravitational sedimentation’. 

: use of wall effects and possible convection in the 
xed-angle rotor, the final analysis must be considered 

ita,’ an approximate representation of the particle- 
aa distribution. In preparing the frequency 
sttibution curve, it was noted that this became 
Mer: 8 nearly symmetrical if plotted against the 
incase of the diameter. Therefore, in Fig. 1, a 
garithmic scale has been used for the abscissa. The 
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correlation with the results on kappa-casein is quite 
satisfactory. A detailed description of this work will 
be published in the near future. 
Royat A. 
MARGARET M. FirzPaTRicK* 
K. Stantont 
Research and Development Division, 
National Dairy Products Corporation, 
Oakdale, Long Island, New York. 
Dec. 12. 
* Present address: New York Medical College. 
} Present address: Brookhaven National Laboratory. 


1 Choate, W. L., Heckman, F. A., and Ford, T. F., Dairy Sci. Abstr., 
20, 865 (1958). 

* Waugh, D. F., and von Hippel, P. H., J. Amer. Chem. Soc., 78, 
4576 (1956). 

* Zilliken, F., Braun, G. A., and Gyorgy, P., Arch. Biochem. Biophys., 
54, 564 (1955). 

“Svennerholm, L., Arkiv Kemi, 10, 577 (1957). 

* Waugh, D. F., Abs. 134th Meeting Amer. Chem, Soc., 50, C (1958). 

ie oa Hs., Wissmann, H., and Henzi, R., Chimia, 11, 76 

"Wake, R. G., Austral. J. Sci., 12, 147 (1957). 


§ Oden, S., “Colloid Chemistry”, edit. Alexander, J., 1, 861 (Chemical 
Catalog Co., Inc., New York). 


Effect of Amniotic Fluid on Inhibition 
of Growth by Cortisone in Chicken 
Embryos 


THE fact that cortisone has an inhibitory effect on 
growth of chicken embryos was first noted in 1947?. 
A detailed study of this phenomenon was afterwards 
undertaken by Karnofsky, Ridgway and Patterson? 
and their observations were confirmed by Yamada’ 
and by Siegel, Smith and Gerstl*. Cavallero, di 
Marco, Fuoco and Sala’® secured evidence indicating 
that the growth-inhibiting effect of cortisone is 
brought about by an interference with protein 
synthesis, and an excess of hydroxyproline found by 
Roberts, Karnofsky and Frankel® after cortisone 
treatment presumably points to the same conclusion. 
In experiments with weanling rats, Tuchmann- 
Duplessis and Mercier-Parot’? failed to counteract 
the growth-inhibitory action of cortisone by con- 
current treatment with somatotropic pituitary 
hormone, glucosamine or the polysaccharide fraction 
of human placenta. In chicken embryos, on the 
other hand, Sobel® observed that the deleterious 
effects of cortisone on growth and survival were 
partially counteracted by simultaneous administra- 
tion of somatotropic pituitary hormone. 

Montgomery’® found in baby chicks that the growth- 
retarding effects of cortisone could be reversed to 
some extent by injecting beef amniotic fluid in addi- 
tion to cortisone. A similarly favourable result was 
obtained by de Franciscis and Magri’® in young rats 
treated with cortisone which received simultaneously 
human amniotic fluid. Subsequent studies by de 
Franciscis, Magri and Verdoliva'! established that the 
cortisone-counteracting properties of the amniotic 
fluid were bound to protein. We have now made 
tests to determine if amniotic fluid also has a favour- 
able effect if given subsequent to treatment of chicken 
embryos with cortisone. 

We used in our tests the eggs of White Leghorn fowl 
and, for treatment, cortisone acetate (Merck) and 
beef amniotic fluid. The test fluids were injected 
into the yolk sac after 8 days of incubation. 1-73 
mgm./egg cortisone acetate (0-07 c.c. of a 25 mgm./c.c. 
solution) and 0-15 c.c. amniotic fluid were used. 
All eggs were opened, and the living embryos were 
weighed after 18 days of incubation. In a preliminary 
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test we could confirm the growth-retarding effect of 
cortisone. The weight of 59 control embryos was 
20-34 + 0-37 gm., that of 59 cortisone-treated 
embryos was 15-43 + 0-33 gm., with a highly signifi- 
cant difference of 4-91 + 0-52 gm. between the two 
groups. Amniotic fluid alone, on the other hand, 
had no effect whatever on body-weight, the mean 
weight of the 59 control embryos being 20-34 + 
0-37 gm., whereas that of 84 embryos treated with 
amniotic fluid amounted to 20-30 + 0°36 gm. The 
effect of amniotic fluid on inhibition of growth by 
cortisone was tested in two experiments. Since 
there was no significant difference in the results of 
these tests, the results were pooled. The mean weight 
of 41 cortisone-treated embryos was 14-02 + 0-63 
gm.; for 63 embryos treated with both cortisone and 
amniotic fluid the mean weight was 16:18 + 0-46 gm. 
The difference amounted to 2-16 + 0-78 gm. and was 
highly significant. It is important to note that there 
was no significant difference between the two groups 
in post-treatment mortality or in the incidence of 
gross malformations. As in the earlier tests with 
rats, it can therefore be concluded that in developing 
chicken embryos amniotic fluid reduces in a limited, 
but significant, manner the cortisone-induced retarda- 
tion of growth. It remains to be determined whether 
the beneficial effect of amniotic fluid and the similar 
but more significant one of pituitary growth hormone 
on retardation of growth following treatment with 
cortisone is mediated via the endocrine system or, 
perhaps more likely, is due to an unspecific stimula- 
tion of growth. 
P. pE FRanciscis* 
W. LANDAUER 
University of Connecticut, 
Storrs, Conn. Dec. 15. 
* Fellow of the Italian National Research Council. 
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Effect of ig on the 


Incorporation of Amino-Acids labelled 
with Carbon-I4 into Ribonucleic Acid and 
Protein in a Cell-free System of a 
Mycobacterium 


Durine investigations on the effect of streptomycin 
on the protein synthesis in Mycobacteria, it was 
observed that streptomycin inhibited the incorpora- 
tion of C-p1-tyrosine into the protein of resting 
cells of a streptomycin-sensitive strain of Myco- 
bacterium friburgensis while it had no such effect 
on the resistant strain (Table 1). 
| As phosphorus-32 is incorporated into ribonucleic 
acid at the same rate in presence and in absence of 
streptomycin, the site of inhibition is most probably 
in the synthesis of protein itself. This possibility 
was tested in a cell-free system. 
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Table 1. INCORPORATION OF “C-DL-TYROSINE INTO PRoTEINS OF Tue 
Intact CELLS OF Mycobacterium frbarsonsis 

In each tube, 200 mgm. wet weight washed cells suspended in 1-5 m) 

ag n-free Sauton medium were incubated for 30 min. at 37° i, 

a total volume of 2 ml. with 2 uc. “C-pL-tyrosine, with or withou; 
the addition of 100 ugm. dihydrostreptomycin 


¢.p.m./mgm., protein 


Without 
streptomycin 


1,310 
750 
1,135 
535 


In presence of | 
streptomycin | 


735 
406 


535 
730 


217 
750 


Strain 


Streptomycin-sensitive 
Streptomycin-resistant 


153 
735 


Hoagland e¢ al.1 have shown in a cell-free system 
from rat liver that amino-acids are first bound by a 
soluble ribonucleic acid and are afterwards trans. 
ferred to microsomal protein. FF. Gros (personal 
communication) found that the soluble ribonucleic 
acid in a cell-free system isolated from E. c:li incor. 
porated amino-acids. 

Preparation of a cell-free system of M. friburgensis 
was carried out by Gros’s method (private commui- 
cation), with minor modifications. 

The extract of disrupted bacteria was centrifuged 
at 105,000g for 60 min. To the supernatant, 0-5 
acetic acid was added to bring the pH to 4:5. The 
resulting precipitate was redissolved in a_ buffered 
medium’. This preparation was incubated at 37°C. 
in the presence of “C-pxL-tyrosine and adenosine 
triphosphate, with and without the addition of 
streptomycin. Both the protein and the ribonucleic 
acid were isolated and their radioactivity determined, 
according to the methods described by Hoagland 
et al.}. 

The results of an experiment with cell-free systems 
obtained from streptomycin-sensitive and -resistant 
strains are shown in Fig. 1. 

The extent of incorporation of tyrosine labelled 
with carbon-14 into ribonucleie acid was markedly 
stimulated in both cases by the addition of strepto- 
mycin. On the other hand, streptomycin inhibited 
labelling of protein in the cell-free system from the 


Ribonucleic acid _ Protein 


C.p.m./mgm. RNA or protein 


T T 


15 30 0 
Time (min.) 


Fig. 1. Labelling of ribonucleic acid and protein with an 
tyrosine in a cell-free system of streptomycin-sensitive 
-resistant strains of Mycobacterium friburgensis. In each ; 
0-5 ml. of the pH 4-5 precipitate (prepared from 1 om or 
weight cells) dissolved in 1 ml. buffer (ref. 2) was incubat ca 
15 and 30 min. at 37° in a total volume of 2 ml. with 3 ae. Ps . 
tyrosine, in presence of 0-01 M adenosine triphosphate, wi va 
without the addition of 200 ywgm. dihydrostreptomyc®. 
O, Sensitive strain; @, sensitive strain in presence of strepto, 
mycin; A, resistant strain; A, resistant strain in presence 
streptomycin 
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wasitive strain, but did not affect the extent of 
labelling of protein in the cell-free system of the 
resistant strain. 

This finding points to the specific nature of the 
inhibition even though the labelled protein fraction 
is hitherto not characterized. The present results 
aggest that streptomycin inhibits the transfer of 
amino-acids from ribonucleic acid to protein. 

T. Erpés 
Koranyi National Tuberculosis Institute, 
AGNES ULLMANN 

Institute of Medical Chemistry, 

University, Budapest. Dec. 28. 
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PLANT PHYSIOLOGY 


Non-respiratory Gas released from 
Seeds during Moistening 


SEVERAL investigators have observed that many 
species of seeds seem to have a relatively high respira- 
tory quotient (R.Q.) soon after they begin to take up 
water and that the R.Q. decreases and finally levels 
of with increasing time of imbibition. Stiles and 
leach! consider such R.Q. variations indicative of 
shifting metabolic pathways within the seed. Crocker 
and Barton? emphasized that gaseous exchanges of 
intact seeds do not necessarily reflect actual meta- 
bolism. James* suggested that these variations in 
observed R.Q. might be explained by irregularities 
in oxygen absorption. Our results show that gas, 
presumably air adsorbed within the seeds, is given 
off as the tissues become wet. This physical effect 
may provide another explanation for the shifting 
values of the apparent R.Q. during imbibition. 

Seeds or other materials were placed in the main 
compartment of a Warburg flask (~ 20 ml. vol.) with 
10 ml. distilled water, previously boiled to expel dis- 
solved gases, in the side-arm. Flasks were attached 
to manometers and allowed to stand for equilibration 
for 15 min. before being closed. After at least 10 
min. more, the water from the side-arm was tipped 
on to the seeds in the main compartment. Gaseous 
exchange was determined with the Warburg constant- 
volume respirometer as described by Umbreit et al.*. 

Fig. 1 (curves A, B and (Q) illustrate gas output of 
Grand Rapids lettuce seed immediately after wetting. 
That this is not an artefact produced by the tipping 
process is shown by the steady behaviour with 0-1 
ml. of glass beads similarly treated (curve D). The 
seeds in contact with a water-saturated atmosphere 
for 60 min. (curve B) or 120 (curve C) min. seemed to 
produce some gas before the water was tipped from 
the sidearm. The total net gas produced (curves 
4, B, C) before and after tipping seemed to be con- 
stant, suggesting that the release of gas is a physical 
Phenomenon. Within the limits of experimental 
error, the results were the same with 0-2 ml. of 20 
Per cent potassium hydroxide as with 0-2 ml. of 
distilled water in the centre well, indicating that 
little or no carbon dioxide was produced. The volume 
of gas released was calculated from the pressure 
¢ with the assumption that the gas had the 
Water-solubility characteristics of air. This assump- 
ton would lead to errors of less than 1 per cent in cal- 

gas volumes if the gas contained nitrogen, 
oxygen, hydrogen, carbon monoxide, or nitric oxide 
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Table 1. GAS PRODUCED WITHIN 10 MIN. AFTER WETTING GRAND 
Rapips LETTucE SEEDS AT DIFFERENT TEMPERATURES 


Temperature (° C.) ul. Gas (S.T.P.) per 100 seeds 


Table 2. GAS PRODUCED FROM VARIOUS MATERIALS WITHIN 10 MIN. 
AFTER WETTING 


Material 


Temperature 
CO. ) 


Buckwheat seeds* 

Rape seeds* 

Tomato seeds* 

Tobacco seeds* 

Lettuce seeds* 
De-coated lettuce seeds* 
Lettuce pericarp (‘seed coats’) 
Killed lettuce seedst 
Killed lettuce seeds t 
Dry, green tea leaves 
Powdered potato starch 


* Viable. 

+ Rendered non-viable by heating at 95° C. for 12 days. 
. t ed (after 3-hr. imbibition) by freezing then heating to 95° C. 
or 10 days. 


in any combinations or proportions. This phenomenon 
appears to be essentially completed several minutes 
after the wetting (Fig. 1). Respiratory gas exchange 
during these few minutes is probably negligible, since 
we have found Qo, & 1 ul./min./100 seeds at 37° C. 
for fully imbibed (4} hr.) seeds. The amount of gas 
released from Grand Rapids lettuce seeds after wetting 
increased with increasing temperature (Table 1). 

Similar experiments with different materials are 
reported in Table 2. Non-viables seed, which neither 
germinated nor respired, showed the effect, as did 
dried tea leaves and potato starch. Therefore the 
phenomenon observed with viable seeds seems to 
be a general property of dry plant material. 

The gaseous output observed when dried material 
was moistened cannot be explained by simple dis- 
placement of air at atmospheric pressure, since in 
this case the total pressure of the system would remain 
unchanged. Thus the gas was either trapped under 
pressure or it was adsorbed upon surfaces within the 
material. Because of the variation of output with 
temperature (Table 1) and also because the volume 
of gas released at 37° C. was approximately twice the 
total volume of the dry seeds, we favour the explana- 
tion in terms of colloidal adsorption‘. 

The pertinence of this physical phenomenon to the 
experimental determination of R.Q. values is obvious. 
Non-respiratory evolution of gas as described here 
would lead to calculation of mistakenly high R.Q. 
values. Fig. 1 suggests that this non-respiratory 
phenomenon can occur over a period of several hours 
when seeds are moistened slowly. To illustrate our 
argument, we note that peas have been reported to 
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Fig. 1. Gas released from lettuce seeds at 37° C. Seeds were kept 
in a water-saturated atmosphere until moistened at timesindicated 
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have the exceptionally high R.Q. of 6-0 after a 4-hr. 
soaking, with a decrease to 1-8 after 8 hr., and a 
further decrease with increasing time**. Allerup* 
showed, however, that it takes approximately 18 hr. 
for peas to complete their imbibition of water. Thus 
it may be suggested that non-respiratory gaseous 
output during wetting accounted for the high apparent 
R.Q. values reported after 4 and 8 hr. 

These experiments suggest certain precautions for 
studies of respiration of intact seeds and similar 
biological material. Examination of the literature 
suggested that this unrecognized non-respiratory gas 
output in many instances led to mistakenly high 
apparent R.Q. values before water imbibition had 
been completed. 

Atan H. Haser 
Nancy Brassincton* 
Biology Division, 
Oak Ridge National Laboratoryf, 
Oak Ridge, Tennessee. 
* Biology student trainee from Winthrop College, Rock Hill, South 


Carolina. 
+ Operated by Union Carbide Corporation for the United States 
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A Two-Stage Fermentation of Cassava 


One of the staple foods of the people of the rain 
forest belt of West Africa is gari, a starchy food 
prepared from the root of the cassava plant (Manihot 
utilissima). The traditional preparation of gari! con- 
sists briefly of the following stages: both the corky 
outer peal and the thick cortex are removed ; the 
body of the root is grated by hand on home-made 
raspers; the greater part of the juice is removed 
from the pulp by primitive pressing; the pulp is 
left in bags for 72-96 hr. before it is fried. During 
this time fermentation occurs; hand-made raffia 
fabrics are used for ‘sifting’. A certain amount of 
fibre and ungrated ends of the roots are removed 
here. The pulp is afterwards heated in large iron 
pans over an open fire with or without the addition 
of palm oil. 

We have recently been investigating the micro- 
biology of the traditional preparation to determine 
the conditions needed for mechanized production 
of this foodstuff in Nigeria. 

It is well known that the cassava root contains a 
cyanogenic glucoside which renders it poisonous if 
eaten fresh, and that during the traditional methods 
there is a holding stage during which this glucoside 
decomposes with liberation of gaseous hydrocyanic 
acid and after which the material is safe to eat. 

The presence of hydrocyanic acid in cassava roots 
was first recorded by Boutron Chalard in 1836 *; 
but it was found that the acid is not present in cassava 
roots in its free state but in the form of a glucoside’. 
This was later found to be identical with the glucoside 
present in the beans of Phaseolus lunatus, phaseo- 
lunatin‘. The precise nature of the process by which 
the glucoside is broken down, and what, if any, other 
changes occur during the holding stage, which lasts 
three or four days, is not clearly stated. It has been 
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suggested that the glucoside is hydrolysed by the 
same mixture of enzymes as is present in the beans 
of Phaseolus lunatus*. In a more recent publication’ 
Oyenuga and Amazigo refer to the glucoside ag 
“‘linamarin’’ and to the enzyme responsible for its 
hydrolysis as ‘‘linase’’. 

We have succeeded in preparing partially purified 
cyanogenic glucoside from the pressed juice of cassava 
roots, using the cortex and the inner flesh, from which 
the starch and other suspended matter were removed 
by centrifuging followed by filter pressing. This 
juice was found to contain 0-0045 per cent hydro. 
cyanic acid, that is, its glucoside content is of the 
same order as that of the cortex of bitter cassava, 
The material was free from protein and may therefore 
be regarded as uncontaminated with any plant 
enzyme. This material is very unstable and under. 
goes spontaneous hydrolysis at pH’s less than 7. 
During its isolation the glucoside was stabilized with 
potassium hydroxide and the sugars were removed 
with Fehling’s solution until all reactions for gs 
were negative. The compound was then purified by 
crystallization from alcohol. The purified glucoside 
hydrolysed spontaneously after acidification, liber. 
ating hydrocyanic acid and glucose. 

Further, we have consistently isolated two organ- 
isms from grated cassava during the holding stage 
of the traditional preparation of gari: (a) A member 
of the genus Corynebacterium characterized by the 
production of yellow colonies on nutrient agar, and 
the fermentation of starch with the production of 
acid only. This organism does not appear to be 
recognized in Bergey’s ‘Manual of Determinative 
Bacteriology”, and the specific name of Coryne. 
bacterium manihot is suggested for it. (b) The fungus 
Geotricum candida. 

The Corynebacterium was found in increasing nun- 
bers during the first 48 hr. of the fermentation, and 
was then replaced by the Geotricum, which by the 
third or fourth day was the predominant organism. 

We therefore suggest that the process of detoxifica- 
tion of cassava root that occurs in the preparation of 
gari should be regarded as a two-stage fermentation. 
In the first stage the Corynebacterium attacks the 
starch of the root with the production of various 
organic acids, and the lowering of the pH causes spon- 
taneous hydrolysis of the cyanogenic glucoside with 
liberation of gaseous hydrocyanic acid. When sufi- 
cient organic acids, including lactic acid, have been 
produced, conditions become favourable for the 
growth of the Geotricum, and this then proliferates, 
producing a variety of aldehydes and esters. These 
last products appear to be responsible for the char- 
acteristic taste and aroma of the gari. 

Acting on the two-stage fermentation hypothesis, 
we have prepared gari in 24-hr. using as starters 4 
mixture of pure cultures of the two organisms men- 
tioned above, and this product has been tested by 
feeding it to volunteers. They were unable to tell the 
difference between the gari produced in 24 hr. by 
the use of the pure culture starter and the traditionsl 
product produced by 4 days holding. We have also 
found it possible to shorten the fermentation to 
24 hr. by using as a starter pressing water from the 
first stage in the preparation of the roots which had 
been kept at room temperature for 4 days, and 
which, on examination, was found to contain enormous 
numbers of both the Corynebacterium and the Geotricum. 
A description of this starter technique has been pub- 
lished in a report on improved methods of preparing 
gari circulated by the Federal Ministry of Commer 
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and Industry, and the method is being adopted by 
some co-operative societies. 

Further work on the chemistry of the cyanogenic 
gueoside is in progress and will be published else- 
where. A full account of the new species of Coryne- 
bacterium is in preparation and will be submitted for 
publication elsewhere. 

We wish to thank Mr. K. R. Butlin, National 
Chemical Laboratory, Teddington, for kindly check- 
ing the characteristics of the two organisms. 

Patrick CoLLARD 
Department of Bacteriology, 
University College, 
Ibadan. 
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Federal Institute of Industrial Research, 
Ministry of Commerce and Industry, 
Lagos. Dec. 23. 
1Vignoliand Cristau, “‘Cahiers Coloniaux”, No. 8, 303 (October 1950). 
‘Quoted in B.I.J., 1, 15 (1903). 
1, 15 (1903). 
‘Dunstan, Henry and Auld, Proc. Roy. Soc., B, 78, 152 (1906). 
‘Oyenuga and Amazigo, West African J. Biol. Chem.,1, 39 (1957). 


AGRICULTURAL SCIENCE 


Spraying of Barley with 
2,4-Dichlorophenoxyacetic Acid 

Dr. H. InGvaRD PETERSEN has_ discovered 
differences in the translocation of the plant growth 
regulator herbicides applied to cereal plants of 
different ages’. His autoradiographs show that 
whereas radioactive 2,4-dichlorophenoxyacetic acid 
applied to barley at the one- to three-leaf stage is 
readily translocated to all parts of the plant, including, 
presumably, the growing point, application to 
successively older plants results in progressively less 
translocation. This plant growth regulator herbicide 
applied to the fifth and sixth leaves of a five- to six- 
leaf plant appears to be translocated to a very limited 
extent indeed. 

I note with interest Dr. Petersen’s conclusion that 
this may account for the fact that cereals do not 
develop deformed heads after treatment with 2,4-di- 
chlorophenoxyacetic acid at the five- to six-leaf stage, 
Whereas treatment at earlier stages leads to inter- 
ference with the pattern of differentiation of the 


Fig. 1. 
of 2,4-dichi 


acre lorophenoxyacetic acid. 
just Visible. 


lant 1 was sprayed when the growing point was vegetative an 
Plants 2, 3, 4, 5 and 6 were sprayed at a succession of stages during —y reproductive phase. The most advanced, 
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spikelet primordia and deformed heads. Hitherto it 
had been thought that the leaf and spikelet primordia 
are sensitive to damage by the plant growth regulator 
herbicides when first initiated but become progress- 
ively resistant as their development proceeds. In 
view of Dr. Petersen’s alternative explanation, it is 
worth while to examine more closely the evidence 
for this latter concept. 

Fig. 1 shows photomicrographs of the growing 
point and developing spike of barley sprayed with 
2,4-dichlorophenoxyacetic acid at a series of stages. 
between one and six leaves. The apices were dissected. 
and photographed some days after treatment. 

Plant 1 was sprayed when the ultimate leaf initial 
was appearing, that is, just before transition to the 
reproductive stage. The plant had one expanded 
leaf and the second was emerging. The small arrow 
points to the developing leaf primordium which can 
be seen to be a ‘ring’ of tissue completely encircling 
the stem. This is the aberrant type of cell differentia- 
tion which gives rise to the ‘tubular leaf’ abnormality. 
(Normally, growth of a leaf primordium is restricted 
to one side of the stem and the leaf margins are free, 
not fused as in the ‘tubular leaf’.) 

Plant 2 was sprayed when transition to the 
reproductive phase had just taken place and the lower- 
spikelet primordia were in the early phase of develop- 
ment, characteristically the ‘double ridge’ stage, but. 
were not organized further. As may be seen, 
these lower primordia are grossly aberrant (arrow). 
They would give rise to the ‘opposite spikelets’ or 
‘whorled spikelets’ abnormality or may be abortive. 
It should be noticed, however, that the ultimate leaf 
is apparently developing quite normally and from 
experience it is known that it will give rise to a normal. 
leaf. It is suggested that by the time of the treat-. 
ment it had already developed to a stage when it 
was no longer susceptible to damage by the synthetic: 
growth regulator. 

Plant 3 shows the effect of spraying when sub-. 
sequent spikelet primordia were at the very early- 
phase of development but when the lower, first formed,. 
spikelet primordia had progressed somewhat. 
Clearly, the subsequent spikelet primordia are severely- 
affected (arrow) but the lower ones are developing: 
quite normally. It is suggested that these lower 
spikelets had progressed beyond the sensitive phase 
when the growth regulator was applied. Lack of 
translocation can scarcely account for the lack of 


Photomicrographs of the growing point and developing spike of barley plants sprayed with the equivalent of 0-5 Ib. per 
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effect on these lower spikelets since those developing 
higher on the rachis were affected. 

Plant 4, which was sprayed at a later stage, demon- 
strates this point still further, and plant 5 shows the 
effect of spraying when only the last few spikelet 
primordia remained to be initiated before the growing 
point ceased to grow. 

Plant 6 was sprayed when all the spikelet primordia 
were laid down and had progressed beyond the early 
phase of their initiation. 

In every case the spikelet primordia below the 
point of abnormality have developed quite normally, 
and it is known that in practice they produce normal 
fertile flowers and seed. Thus it appears to me that, 
while Dr. Petersen’s work may show translocation to 
be a contributory factor in the increasing resistance 
of barley with age to damage by the plant growth 
regulator herbicides, the age (or more correctly the 
stage of development) of the leaf or spikelet primordia 
must still be regarded as a major factor governing 
susceptibility to damage. 

A great deal of work has been carried out here on 
the effect of the plant growth regulator herbicides 
on cereals and it has been found that the situation 
is highly complex. We have found considerable 
variation to occur in the behaviour of different growth 
regulators. For example, in barley, «(2 : 4-dichloro-3- 
methylphenoxy)propionic acid and «(2: 4: 5-tri- 
chlorophenoxy)propionic acid both cause spikelet 
abnormality (usually sterility) even when applied at 
a late stage of primordial development, while others, 
such as «(4-chloro-2-methylphenoxy)propionic acid, 
cause relatively little abnormality even when applied 
at the most sensitive stage. Work is in progress, 
using carbon-14 labelled growth regulators, to attempt 
to resolve the causes of these differences. I am in- 
debted to Dr. Petersen for bringing to my notice 
the important part that translocation may play. 

E. L. LEAFE 
Research Department, 
Agricultural and Horticultural Division, 
Boots Pure Drug Co., Ltd., 
Lenton Experimental Station, 
Nottingham. Jan. 6. 


* Nature, 182, 1685 (1958). 


‘Karathane’ : the Value of its 
Differential Fungicidal Effect in Relation 
to Mildew and Yellow Rust of Wheat 


EXPERIMENTAL work with yellow rust (Puccinia 
glumarum (Schm.) Erikss. and Henn.) on wheat 
seedlings under glasshouse conditions has been con- 
siderably hampered by epidemics of cereal mildew 
(Erysiphe graminis D.C.). Control of these epidemics 
has proved difficult because environmental conditions 
in @ normal glasshouse cannot be kept within narrow 
limits and because fungicides which have been 
effective against the mildew have also been toxic to 
the rust. Reports of the effectiveness of ‘Karathane’ 
(2 ; 4-dinitro-6-(1-methyl heptyl) phenyl orotonate) 
when used either as a wettable powder or as a fumi- 
gant for the control of many powdery mildews but 
no other disease prompted us to examine the possi- 
bility of its being of use in this instance. 

‘A number of seedlings bearing uredosori of yellow 
rust were fumigated with ‘Karathane’ when the first 
mildew pustules appeared. Subsequent development 
of both diseases was compared with that on similar, 
untreated seedlings. The flush of mildew pustules, 
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which typically follows 4-5 days after the initia] 
infection, occurred on the untreated seedlings but not 
on those fumigated. Mycelial growth of the mildew 
was not entirely suppressed but the pustules were 
thinner and more widespreading than normal. The 
yellow rust was apparently unaffected and continued 
to produce uredosori in a typical zonation. 

In subsequent experiments it was found that both 
rust-resistant and rust-susceptible seedlings fumigated 
with ‘Karathane’ 1-10 days before and 2-10 days 
after inoculation with uredospores gave the antici- 
pated host reaction. Furthermore, uredospores taken 
from plants only 20 hr. after fumigation successfully 
infected the seedlings to which they were inoculated. 

A microscopical examination of both fungi was 
made 20 hr. after fumigation. The yellow rust 
uredospores from treated and untreated seedlings 
were indistinguishable, but some differences were 
noted in the mildew spores. Oidia were stained with 
cotton blue in lacto-phenol before examination. 
Those from treated plants had a granular, unevenly 
stained cytoplasm and the nuclei were well stained 
and clearly visible. Some bursting and irregularities 
of the spore wall was also noted. Oidia from untreated 
plants were more uniformly and more densely stained 
and consequently the nucleus was not as clearly 
visible. 

During experiments with seedlings it was found that 
the mildew could be kept under control without any 
adverse affects on the yellow rust for a period of at 
least 8 weeks by regular fumigation with ‘Karathane’ 
immediately fresh mildew pustules appeared. Under 
the conditions prevailing during the experimental 
period, this was at about 10-12 day intervals. 

D. A. Dotine 
National Institute of Agricultural Botany, 
Cambridge. 
Jan. 5. 


* Present address: School of Agriculture, University of Cambridge. 


BIOLOGY 


Cstrous Cycle, Gestation Period and 
Parturition in the Marsupial 
Trichosurus vulpecula 


Cotontss of the brushtailed possum, T'richosurus 
vulpecula Kerr., a marsupial, have been kept in 
Sydney since May 1954 and in Adelaide since January 
1957. Breeding seasons were studied, in both places, 
in the local wild populations from which the captive 
animals were derived. Breeding in the Sydney 
colony began in June 1955 and in the Adelaide 
colony in March 1957. To date 46 specimens (inelud- 
ing 16 second-generation young) have been born m 
captivity. Only one young is normally reared each 
year in the wild in the Sydney area, but it seems that 
many wild females in the Adelaide area rear two 
young each year. 

T. vulpecula is polycestrous. Daily vaginal smears 
were taken from 13 females in the Adelaide colony 
over periods of up to 10 weeks. In these the cestrous 
cycle varied in length from 21 to 30 days (average 
244 days). (Estrus did not occur in lactating females 
with young in the pouch, but if the pouch-young 
were removed such females came into cestrus between 
4 and 10 days later. Females which lost pouch-youn 
often produced a second young soon afterwards, 
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although no female in the Adelaide colony conceived 
at the first cestrus after the cessation of lactation. 
However, a female in the Sydney colony is presumed 
to have conceived at this time for it produced two 
offspring within about one month, the first young 
having been lost when less than 8 days old. Two 
captive females are known to have reared two 
offspring each in one year. 

The gestation period in 3 animals in the Sydney 
colony was between 17 and 21 days. The interval 
between the appearance of sperms in the daily vaginal 
smear and parturition was between 16 and 17 days in 
one Adelaide female and 17-18 days in two others. 
Since copulation occurred some time prior to smearing, 
the gestation period is assumed to be about 17} 
days. The gestation period of T'’. vulpecula, like that 
of the American opossum Didelphis virginiana! and 
the wallaby Setonix brachyurus* is thus shorter than 
the length of one cestrous cycle. 

On July 28, 1958, one of us (A. G. L.) witnessed 
parturition in 7’. vulpecula. The female showed signs 
of restlessness and thereafter put herself in a sitting 
position, facing the front of the cage with the hind- 
limbs partly extended. Fluid exuded from the 
urogenital opening and an embryo, free of foetal 
membranes, was expelled, followed by more fluid. 
Unfortunately, the embryo fell from its mother 
through the wire-mesh floor of the cage into a tray 
of sawdust. The mother then licked the urogenital 
opening. She was then taken from the cage, held 
on her back in a horizontal position, and the young 
recovered from the sawdust, washed with normal 
saline, and returned to the region of the urogenital 
opening. The young turned to face the direction of 


the pouch and crawled through the fur by alternate 
over-arm movements of the fore-limbs. The posterior 
margin of the pouch, approximately 7 cm. from the 


urogenital opening, was reached in 7 min.; the 
distance would have been less if the mother had been 
held in a sitting position. The young did not immedi- 
ately enter the pouch but continued to its anterior 
margin—a, further distance of about 4cm. It then 
turned round and crawled back to the posterior 
margin, where it again turned and proceeded forward 
several centimetres before entering the pouch. A slight 
relaxation of the pouch opening was noticed when the 
young was crawling at the margin. A period of 5 min. 
elapsed from the time of arrival at the posterior 
margin to the time of entry into the pouch. After 
the young had entered it crawled about but was 
unable to gain either of the two teats, although it 
tried for a period of approximately 20 min. It was 
then removed, weighed, photographed and examined 
before fixation. 

Earlier descriptions*-5 of parturition in marsupials 
Suggested that the female licked a track in the fur 
from urogenital opening to pouch, up which the young 
climbed. In this instance the mother neither licked 
the fur nor assisted the young in any other way. 
= 18 with recent observations on birth 

Didelp is”. 

The new-born 7’. vulpecula observed was 13 mm. in 
‘fown-rump length (measured between 2 parallels) 
and 6mm. in head-length. Its weight was 0-20 gm. 
and its mother’s weight 2,030 gm. Another specimen 
(lee from the pouch a few hours after birth 
: pang colony) was of comparable size and weighed 

‘21 gm. In the first specimen the ratio, weight of 
Pig to weight of mother, was less than 1 ; 10,000. 

108 for other mammals vary from 1: 60,000 for 
to as high as 1: 3 for some bats*. 
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Fig. 1. Trichosurus vulpecula. New-born unattached young. 
Note the conspicuous blood vessels as seen through the integu- 
ment in the living specimen, and the strongly pty: fore- 

mbs, with claws, which are used for climbing into the pouch 


The living new-born was semi-transparent and 
pinkish in colour with a conspicuous network of blood 
vessels visible through the skin (Fig. 1). The fore- 
limbs were strongly developed, and all digits of the 
manus were equipped with well-developed sharp- 
pointed claws turned inwards towards the palm. 
As the fore-limbs alone were used in climbing into the 
pouch these claws appear to be important structures 
which aid the young to grip the mother’s fur. The 
new-born young continued to make crawling move- 
ments and was observed to flex the digits of the 
manus, after removal from the pouch. Well-developed 
claws formed by the epitrichium were observed on the 
fore-limb digits of D. virginiana‘, the native cat 
Dasyurus quoll’, and the bandicoots Perameles 
gunnit and Isoodon obesulus*, but these were shed 
soon after birth. Those of 7’. vulpecula are also of 
epitrichium but are still present 5 weeks after birth 
and probably persist much longer. It has been 
suggested® that the claws of 7’. vulpecula are not shed 
during pouch life as are those of other species. 

The hind-limbs were not as well developed as the 
fore-limbs. The plantar surfaces were directed 
towards the mid-ventral line, and the partly separated 
digits of the pes were distinct. Claws were not dis- 
cernible. The oral aperture was oval to circular in 
shape, the lips being fused to form the characteristic 
sucking mouth of juvenile pouch-young. The 
pigmented portion of the eye could be seen through 
the epitrichium that covered the whole body. The 
nostrils were well developed, but the folded pinna 
of the ear could only be discerned with difficulty. 
Part of the umbilical cord was still attached. It was 
not possible to sex the new-born as neither pouch 
nor scrotum was developed. 

A. G. Lyne 
Division of Animal Health and Production, 
Commonwealth Scientific and 
Industrial Research Organization 
Sheep Biology Laboratory, 
Prospect, New South Wales. 
E. PIrton 
G. B. SHARMAN 
Department of Zoology, 
University of Adelaide. Dec. 4. 
1 Reynolds, H. C., Univ. Calif. Pub. Zool., 52, 223 (1952). 
* Sharman, G. B., Aust. J. Zool., 8, 56 (1955). 
* Matthews, L. H., Proc. Zool. Soc., Lond., A, 118, 117 (1943). 
‘Pracy, L. T., and Kean, R. I., V.Z. J. Agric., '78, 353 (1949). 
* Dathe, H., Zool. Gart. Leipzig, 7, 223 (1934). 
¢ Hartman, C. G., “Possums” (Univ. of Texas Press, Austin, 1952). 


" Hill, J. P.,and Hill, W. C. 0., Trans. Zool. Soc., Lond., 28, 349 (1955). 
® Lyne, A. G., Proc. Zool. Soe., Lond., 122, 625 (1952). 
* Dunnet, G. M., C.S.I.R.O. Wildlife Res., 1, 1 (1956). 
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A Relationship between some Bacteria, 
Protozoa and Diet in Early Weaned Calves 


EarRLy weaning of calves on to a solid diet is now 
becoming more common, and investigation of the 
establishment of ciliate protozoa in calves reared 
according to Preston’s system’ indicated that 
although numerous ciliates might be established by 
the end of the second week when only milk and 
roughage were being fed, these disappeared immedi- 
ately a large proportion of concentrates was included 
in the diet. Microscopic observations suggested that 
the numbers of ciliates were inversely related to the 
numbers of Lactobacilli, which were directly related to 
the proportion of concentrates in the diet. It thus 
seemed of interest to investigate the influence of 
diet on the flora and fauna of early weaned calves, as 
the establishment of an adult rumen population might 
aid in the digestion of an adult diet. Some preliminary 
results on two calves fed widely different ratios of 
hay and concentrates are given here. The organisms 
selected for cultural study were those which previous 
results had suggested might be related in numbers. 

The calves were inoculated by stomach tube at 
weekly intervals (from 8 days) with a concentrated 
suspension of rumen ciliates and associated bacteria, 
and thereafter samples were taken at weekly intervals 
for visua] assessment of bacteria and protozoa and 
viable counts of three types of organisms. Lactobacil- 
jus species were counted by making serial ten-fold 
dilutions of the rumen contents into a semi-solid 
tomato-—glucose medium’. The highest dilutions 
showing growth of Gram-positive, catalase-negative, 
non-nitrate-reducing, asporogenous rods were re- 
corded. The other two were a large Gram-negative 
lactate-utilizing coccus’, which has been shown to be 
one of the principal bacteria in the rumens of young 
calves and to be present only in small numbers in 
older animals‘, and Veillonella gazogenes’, another 
lactate-utilizing coccus. Ten-fold dilutions were 
made in a semi-solid lactate-containing medium! and 
examined for growth after 2 days incubation at 38°. 

The two Ayrshire bull calves were kept in similar 
environments under ordinary conditions and both 
fed whole milk alone to 7 days and weaned at 21 days. 
Dried grass was available to calf A, but was fed by 
bucket to calf B from 7 days. Concentrates (contain- 
ing 8 mgm./lb. ‘Aurofae 
2A’) were added to the diet 
of calf A from 15 days and 
the amount was increased 
to 1,800 gm./day by about 
8 weeks. Calf B was 
offered, and completely 
consumed, a 3:1 mixture 
of the same dried grass and 
concentrates, which was 
increased gradually to ap- 
petite until by 13 weeks 
it was eating a total of 
2,000 gm. Over a period of 
4 days in the sixteenth 
week the weight of concen- 
trates given to calf B was 


increased to 1,800 gm./day 


Log No, of bacteria/ml. 
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The pH values of the ramen contents of calf A were 
lower than those of calf B, but became more nearly 7 
from the thirteenth week as the Lactobacillus counts 
decreased. The results of viable counts are shown in 
Fig. 1. The number of V. gazogenes remained relatively 
constant at about the adult-level whatever the diet. 
However, while the numbers of Lactoéaciili and 
cocci were about the same in each calf at the end 
of the period on milk alone, the subsequent numbers 
depended very much on the amount of concentrates 
in the diet, and this also affected the ciliate popula- 
tion. The mixed fauna established in calf B remained 
throughout the experiment, whereas the first appear. 
ance of ciliates in calf A after weani was at 12 
weeks old, and they reached the level found in B by 
about 17 weeks. The microscopic observations 
showed a varied bacterial population, other than the 
main types cultured, to be present in both calves 
from an early age, and suggested that some small 
Gram-negative organisms, other than V. gazogenes, 
varied in numbers inversely with the Lactobacilli. 
The rapid changes in diet of calf B at 16 weeks, 
although affecting the cultured bacteria) populations, 
did not affect the protozoa, and direct observation 
at this time showed few typical Lactobacilli such as 
had previously been associated with a high cultural 
count. In some concentrate-fed sheep although 
Lactobacilli were cultured in numbers of up to 104/ml, 
rumen contents, few morphologically typical Lacto- 
bacilli were seen in films of the rumen contents. 

These results again suggest that in normal cireum- 
stances the rumen flora and fauna are greatly influ- 
enced by diet and possibly other, at present unknown, 
factors, and that rumen inoculations can only be 
successful provided that the rumen environment is 
suitable for the development of the added organisms‘. 
This has also been found to be the case in other 
animals as inoculations of the large coccus into older 
calves and sheep have failed to establish them in 
the rumen. The initial presence of some organisms 
might also influence the growth of others, and a 
possible relationship can be noted here between the 
lactate-producing Lactobacilli and the lactate-utilizing 
large cocci. However, other factors must be con- 
cerned in the final balance of the bacterial population, 
as the numbers of V. gazogenes, which might be 
expected to be more directly influenced by the avail- 
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able lactate, show little difference between the two 
animals. 

« We wish to thank Dr. T. R. Preston for providing 


and feeding the calves, and Miss S. Bell and Mr. W. 
Shand for technical assistance, 
J. Marcarer 
P. N. Hopson 
S. O. Mann 
Rowett Research Institute, 
Bucksburn, Aberdeenshire. Dec, 11. 
Preston, T. R., N.A.A.S. Quart. Rev., 89, 18 (1957). 
* Briggs, M., J. Dairy Res., 20, 36 (1953). 
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A Photographic Method for recording 
Activity and Behaviour in a Group of 
Small Animals 

Ir is often desirable to obtain a quantitative 
measure of the activity of insects or other small 
animals over a specific period of time. Recently, an 
attempt was made’ to overcome some of the inherent 
difficulties found when using the familiar mechanical 
methods for recording the activity of smaller insects. 
Moreover, Nielsen* reported a photographic method, 
which does not depend upon the mass of the insect, 
for estimating the number of changed positions in & 
group of mosquitoes at regular intervals. His method 
is especially suitable for use in darkness with insects 
that are affected by ordinary light but which do not 
respond to an electronic flash. 

Nielsen’s method has a disadvantage in that each 
photograph of the insects is compared with its pre- 
decessor to give an activity value based upon the 
number of insects which have changed position in 
the interval. Each number obtained from such a 
comparison contains within it an unknown factor, 
namely, the amount of movement of the insects 
occurring between the two exposures upon which the 
number is based. That is, each numerical item in the 
data contains an inherent unknown. In addition, 
comparison of adjacent exposures to determine which 
insects moved during the time-interval is a time- 
consuming task. Tt would probably exceed one’s 
endurance to use this method often, for example, 
with exposures taken at 2-min. intervals over a 
period of 24 hr. Furthermore, the method is not 
suitable for use with large numbers 
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Fig. 1, 1-sec, exposures of box containing 15 insects. 2, One 
bottom 


stationary insect. Top, 14 insects stationary at 1745 hr.; 


unknown motion factor, without the need for com- 
paring it with its predecessor. It is possible, therefore, 
to examine a large number of negatives in a relatively 
short time. In addition, the principle of a slow shutter 
speed will allow relatively large numbers of animals 
to be used in the experimental container if desired. 

A plastic box (16 om. x 75m. x 4:5 cm.) with a 
transparent front contains the insects. The box is 
mounted upright on its longer side. The sides are 
constructed to slope inward toward the back, thereby 
affording a ready view of the whole interior through 
the transparent front. Water, or a 15 per cent 
sucrose solution, is admitted through a constant- 
supply tube inserted through the back of the box. 
The insects, after being taken from the culture 
medium, are allowed to move along a tube into the 
box through a small hole at one end, which is after- 
wards closed. An automatic camera is mounted 
approximately 2 ft. from the transparent front. 
A clock is set beside the insect box in the camera 
field. With the camera diaphragm set at f/16 
sufficient depth of field is provided for the clock 
and all parts of the box to be in focus. Illumination is 
provided by two 15-watt, 17-in. fluorescent tubes 
above and in front of the camera lens and a reflecting 
surface in the corresponding position below. Expos- 
ures of 1-sec. duration are made. ‘Thus, insects 


of animals. Overlapping changes 


iN positions with time would fre- 
quently confuse the interpreta- 
tion, 

During some studies in this lab- 
oratory it has been necessary to 
monitor the amount of movement 
ma group of adult Drosophila 
melanogaster Meig. over relatively 
long periods of time. The photo- 
graphic method used employs a 
slow shutter speed to determine 
the number of insects in the group | 
Which are not moving when each ! 
tecord is taken. With this method 
each photographic exposure is 
autonomous, providing in itself a 
weful number with no inherent 
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Fig. 2. Number of moving insects at 2-min. intervals over 5 hr.,determined for 15 adult 
D 
. melanogaster, post-emergence age 24 hr., in constant illumination with water only 
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moving during the exposure either will be blurred on 
the negative or, as is usually the case, will not show at 
all. A record is therefore obtained of the number of 
stationary insects during the exposure. Fig. 1 shows 
two sample photographs. The greater number of 
visible insects in the first exposure indicates the 
smaller amount of activity ; conversely, fewer visible 
insects in the second exposure indicates a higher level 
of activity. 

The frequency of exposures is determined by the 
nature of the experiment. In the present work at 
least two kinds of series are used. In one, a group of 
photographs (usually 12-14) is made automatically 
with 1-min. intervals, every 2 hr. The results from 
each group are averaged, and the total number of 
insects minus this mean is plotted against the mean 
time at which the photographs were taken. In a type 
of experiment where more rapid activity changes are 
expected, one exposure is made every 2 min. through- 
out the test period. The negatives on the long strip 
of 35 mm. film (25 ft. for 64 hr.) are examined with 
a dissecting microscope and the number of stationary 
insects in each exposure is determined. Fig. 2 
indicates increasing, somewhat rhythmic, activity for 
15 starved adult D. melanogaster over a period of 5 hr. 
in constant illumination. 

This method provides rapid and accessible records 
of; (1) the number of insects stationary during each 
exposure ; (2) their positions in relation to special 
items, such as the food supply. Both kinds of results 
are readily obtained from each exposure as an indi- 
vidual unit without comparing adjacent pairs. Some 
effects on activity of varying periods of light and 
dark may possibly be studied with this technique 
by timing the light source to remain on only during 
the 1-sec. exposure and by varying the experimental 
lighting conditions. The method should prove useful 
in studies with other small animals besides insects. 
A report of the present studies of insect activity in 
relation to the local passage of weather systems will 
be presented later. 

D. K. Epwarps 


Forest Biology Laboratory, Federal Building, 
Victoria, B.C. Dec. 15. 


1 Edwards, D. K., Can, Ent., 90, 612 (1958). 
* Nielsen, Erik T., Nature, 179, 1308 (1957). 


Photochemical Reduction of Blue 
Tetrazolium by Isolated Chloroplasts 


THe use of oxidation-reduction colour indicators 
the solubility of which is unchanged during reduction 
in the Hill reaction of photosynthesis provides no 
information as to the site in the chloroplast in which 
the reaction occurs. Dyar! used blue tetrazolium, 
which is colourless and soluble in the oxidized form 
in water but insoluble and highly coloured when 
reduced, to localize regions of dehydrogenase activity 
in plant cells. In chloroplasts reduction was appar- 
ently confined to grana-like bodies. In some materials 
the reaction was dependent on light, suggesting a 
relation to the Hill reaction. Since non-plastid 
cytoplasm may have contributed to the reaction, we 
were interested in whether isolated chloroplasts 
were capable of reducing the dye. 

Intact chloroplasts were isolated from red kidney 
beans essentially by Jagendorf and Evans’s method?. 
The isolation buffer consisted of 0-3 M sucrose, 
0-05 M pH 8-5 phosphate and 0-01 M potassium 
chloride. 5 gm. of interveinal tissue from primary 
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leaf blades of red kidney beans were ground with 
15 ml. buffer for 20 sec. in a Waring blendor, mode] 
PH-5, in the high-speed position. The homogenate 
was filtered through cheese-cloth, and the filtrate 
centrifuged for 3 min. at 1,000g. The resulting 
pellet, consisting mainly of whole chloroplasts, was 
made up to the original volume with pH 6-5 M/10 
phosphate buffer. Equal volumes of the chloroplast 
suspension and Dyar’s blue tetrazolium solution 
were mixed in Thunberg tubes and, after evacuation 
incubated at 32°C. for 1 hr. in a water-bath, either 
in the dark, or illuminated at 20 cm. from a 100-W, 
incandescent bulb. 

Reduction of the chemical, indicated by the 
development of a deep blue colour, was confined to 
grana-like structures, as in the chloroplasts in cells 
pictured in Dyar’s article. The reaction was depen- 
dent on light, as was the staining of chloroplasts in 
intact mesophyll cells when small pieces of leaf were 
incubated with the blue tetrazolium solution. 

Irradiation of chloroplast preparations 5 cm. from 
an SL 2537 ‘Mineralight’ ultra-violet lamp (UV 
Products, S. Pasadena, Calif.) for 30 min. prevented 
development of colour. 

These results extend Dyar’s observations on 
reduction of blue tetrazolium to isolated chloroplasts, 
and suggest that the reaction may prove useful as a 
sensitive test of the structural integrity of chloro- 
plasts during fractionation. 

This work was supported in part by U.S. Public 
Health Service grant £-596C to one of us (M.C.). 

J. Tayior 
MEYER CHESSIN 
Departments of Bacteriology and Botany, 
Montana State University, Missoula. Dec. 16. 
1 Dyar, M. T., Amer, J. Bot., 40, 20 (1953). 
* Jagendorf, A. T., and Evans, M., Plant Physiol., 32, 435 (1957). 


Physiological Races of Phytophthora 
infestans Mont. (de Bary) in Northern 
Ireland 


THE presence of several races of the blight fungus, 
Phytophthora infestans, was recorded in Northern 
Ireland by Doling’. Races commonly occurring in 
commercial crops were race 0 and race 4, the latter 
predominating. However, from hybrids of Solanum 
demissum x Solanum tuberosum further races were 
identified as follows: race 1; race 2; race l, 2; 
race 1,4; and race l, 2, 4. 

During the past season, because of suitable weather 
conditions (Table 1), the spread of potato blight was 
extremely rapid, and to the commercial crop 
was extensive. At the Plant Breeding Station, 
Loughgall, many seedlings which had been free of 
blight in previous years were attacked. These 
included seedlings bred from parental material 
carrying one or more of the four major R genes. 


Table 1. WEATHER RECORDS, LOUGHGALL, 1958 
Data June | July | August | September | 
Mean maximum tem- 
rature (° F.) 62 66 64 64 
ean minimum tem- 
rature (° F.) 48 51 51 52 
‘ean relative humidity 
(per cent) 82 82 84 89 
Total rainfall (in.) 4-99 5:47 3°54 3-28 
No. of days with 0-01 
in. or more precipita- 
tion 20 23 22 20 
Total sunshine (hr.) 113-2 | 143-5 | 107-9 89-1 
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Plants containing the Rl, R2, R3 or R4 genes 
singly, and in all combinations, which had been 
obtained from Dr. W. Black, of the Scottish Plant 
Breeding Station, were grown in the field and made 
satisfactory growth before blight appeared. 

The first genotype to be attacked early in July 
was the one containing the R4 gene. Blight was 
next recorded by August 6, on the Rl R4 and Rl 
genotypes. By August 20 plants containing the 
following genes were recorded as having been attacked 
by the pathogen : Rl, R2, R4, Rl R2, Rl R4, R2 R4, 
Rl R2 R4, and Rl R3 R4. Blight developed very 
slowly on the R1 R3 R4 genotype and plants remained 
green for almost three weeks after the first lesion was 
recorded. At this date no blight was noted on the 
R3, Rl R3, or R3 R4 genotypes, possibly as a result 
of differences in field resistance and/or plant develop- 
ment, as well as the apparently low virulence of this 
race (presumably race 1, 3, 4). 

Blight was recorded from all genotypes, including 
the Rl R2 R3 R4 genotype, by September 19. 

It thus appears that under suitable conditions the 
development of races of the pathogen may be quite 
rapid, and the value of the hypersensitive reaction, 
governed by the presence of the R genes, would 
therefore be of limited practical application. 

Breeding studies now in progress? suggest that 
field resistance resulting from the presence of minor 
genes will be of greater value for commercial breeding. 
Toxopeus* has suggested that high resistance of 
foliage is not sufficient unless accompanied by a high 
resistance of tuber to the pathogen. This has been 
confirmed at Loughgall, where some seedlings showing 
considerable foliage resistance to the pathogen have 
produced badly infected tubers. 


K. G. Prouproor 


Plant Breeding Division, 
Ministry of Agriculture, 
Northern Ireland. Oct. 15. 
‘Doling, D. A., Nature, 177, 230 (1956). 


*Black W., Scottish Plant Breeding Station Ann. Rep., 43 (1957). 
*Toxopeus, J. H. Euphitica, 7, 123 (1958). 


Feulgen Reaction in the Fucales 


Tue Feulgen reaction has not been used to any 
great extent in cytological investigations of the larger 
brown alge'-*, possibly on account of the difficulty 
of obtaining consistent results. The following tech- 
nique has now been applied successfully to growing 
vegetative apices and to developing receptacles of 
all the British members of the Fucales, with the 
exception of Pelvetia canaliculata, on which it has not 
yet been tried. 

The material to be examined is cut into small 
pieces and fixed for 12-18 hr. in Karpechenko fluid. 
Fixation with acetic aleohol was also tried but often 
gave inconsistent results even in neighbouring cells 
of the same preparation. This may be due to the 
aleohol in the fixative causing hardening of the cell 
walls and thus preventing even penetration. 

_ After fixation the material is thoroughly washed 
mTunning water. It is important at this stage to 
— all traces of the fixative since it contains 
ormalin, which gives a red coloration with Schiff’s 
Teagent®. If traces of the fixative are left, a red 
colour develops in the cell walls and in the cytoplasm 
and obscures the nuclear reaction. 

\ The material is then transferred to distilled water, 
tought up to a temperature of 60°C. and then 
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hydrolysed in N hydrochloric acid at 60°C. The 
time of hydrolysis varies in different species, but 
usually a reaction was obtained over a fairly wide 
range of hydrolysis times, usually of the order of 
15-30 min. This maintaining of the reaction over an 
extended period has been correlated’ with the 
presence of chromic acid in the fixative. 

Hydrolysis is stopped by placing the material in 
cold distilled water, after which it is transferred to 
freshly made Schiff’s reagent for 3-12 hr. After 
bleaching in three changes of freshly made sulphur 
dioxide water, hand sections are cut of the portion 
to be examined, mounted in sulphur dioxide water 
and squashed by firm pressure on the cover-slip. If 
permanent preparations are required, the coverslip is 
allowed to drop off into sulphur dioxide water and the 
preparation dehydrated and mounted in ‘Euparal’. 

In all the species examined this technique has given 
a good, sharp reaction. The two main drawbacks are 
the pigmentation of the plastids of the meristoderm 
and the outer cortex due to the fixative, and the 
fact that the technique may not macerate the material 
sufficiently for thorough squashing. Both these diffi- 
culties may be overcome by bleaching with hydrogen 
peroxide after fixation and before hydrolysis. The 
time of bleaching must be adjusted according to the 
nature of the material, delicate structures such as 
the receptacles of Cystoseira granulata requiring 
shorter periods than the apices of Halidrys siliquosa. 
Usually a period of 3-4 hr. in 20 per cent hydrogen 
peroxide has proved successful. 

If bleaching has been used, then the time of hydro- 
lysis must be considerably reduced, usually 74-10 min. 
proving adequate. 

This technique has been used successfully on both 
resting and dividing nuclei. In the former it has 
demonstrated a finely granular chromatin reticulum 
in species of Fucus and chromocentres in Bifurcaria 
rotunda, Halidrys siliquosa and Cystoseira tamarisci- 
folia. All stages of division have given a sharp 
reaction in nuclei of both vegetative and reproductive 
cells. 


M. Naytor 


Department of Botany, 
University of Hull. Oct. 21. 
1 Roy, K., Rev. Algol., 11, 101 (1938). 
2 Walker, F. T., Ann. Bot., N.S., 18, 112 (1954). 
* Naylor, M., Ann. Bot., N.S., 20, 431 (1956). 
“Naylor, M., Ann. Bot., N.S., 22, 205 (1958). 
* Hillary, B. B., Bot. Gaz., 101, 276 (1939). 


Leaf-Enations in Dahlia variabilis Desf. 
induced by Tomato Spotted Wilt Virus 


— Dvurtne a survey of virus-infected dahlias (Dahlia 
variabilis Desf.) in private and commercial gardens 
in south-west England, one diseased plant of the 
variety Jean was found bearing enations (Fig. 1) 
similar to those induced in some other solanaceous 
species by tobacco mosaic', tomato aspermy* and 
other viruses. The diseased plant was stunted and 
the foliage symptoms included irregular mottling and 
both ringspot and so-called ‘oak-leaf’ or chevron 
patterns. Oak-leaf and ringspot symptoms were 
occasionally present on the same leaf. 

Ringspot symptoms in virus-infected dahlias have 
been attributed to tomato spotted wilt virus*, dahlia 
ringspot virus‘ and dahlia yellow ringspot virus‘. Oak- 
leaf symptoms have been attributed to dahlia oak-leaf 
virus‘, tomato spotted wilt virus’ and, more recently, 
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Fig. 1. Leaves of dahlia variety Jean showing enations 


to a strain of cucumber mosaic virus*. However, 
experiments have shown that these enations in 
Dahlia variabilis var. Jean were induced not by a 
virus complex but by a strain of tomato spotted wilt 
virus. When leaf extracts from the diseased plant 
were inoculated into a range of test plants, this virus 
was identified, but no other was isolated ; no virus 
transmission to the same test plants resulted when 
leaf extracts were maintained at 43° C. for 10 min. 
before inoculation. Apterous females of the aphid 
Myzus persicae Sulz., given varying acquisition and 
test-feeding times, failed to transmit any virus from 
the diseased plant to young healthy dahlia seedlings, 
although in comparable experiments this species 
readily transmitted dahlia mosaic virus and cucumber 
mosaic virus from infected to healthy dahlias. When 
scions from the diseased plant were grafted on to the 
indicator variety, Willy Den Ouden, symptoms 
attributable to tomato spotted wilt virus were ob- 
served ; when grafted to healthy plants of the same 
variety enations were rarely observed. 

This is thought to be the first report of tomato 
spotted wilt virus inducing enation formation in any 
species of its extensive host-range, although strains 
of the virus have been intensively studied in relation 
to the pathology of tomato, tobacco and other crops. 

There can be little doubt that oak-leaf, ringspot 
and yellow ringspot symptoms observed on dahlias 
in Britain and shown by these and other experiments 
to be induced by tomato spotted wilt virus are ident- 
ical with those originally reported to be caused by 
separate non-sap-transmissible viruses in America‘. 
Consequently, the terms dahlia oak-leaf virus‘, 
dahlia ringspot virus‘ and dahlia yellow ringspot 
virus‘ are considered to be invalid, and it is suggested 
that their use be discontinued. 

A. A. Brunt* 


Department of Botany, 
University of Exeter. 

* Present address: West African Cocoa Research Institute, Ghana. 
+ Jensen, J. H., Contr. Boyce Thomp. Inst., 5, 129 (1933). 
* Govier, D. A., Ann. App. Biol., 45, 62 (1957). 
* Smith, K. M., Ann, App. Biol., 19, 305 (1932). 
* Brierley, P., Contr. Boyce Thompson Inst., 5, 235 (1933). 
* Brierley, P., Plant Dis. Rep., 34, 363 (1950). 
ire, ~ > J., “The Improvement of Dahlia Stocks” (Pub. British 

a Growers’ Assoc., 1953). 
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Effect of Neutral Red on Plaque 
Formation by Fowl Plague Virus 


In a previous paper on the formation of plaques 
by fowl plague virus in Petri dishes of chick embryo 
cells, it was briefly reported that neutral red had 
the effect of reducing the number and size of the 
plaques formed by the virus if added to the cells at 
the beginning of an assay experiment, but a much 
smaller effect if added after three days’. 

A similar effect has been observed with polio. 
myelitis and western equine encephalitis viruses*, 
and also with vesicular stomatitis virus*. 

A more quantitative study of this phenomenon 
suggests that the relation between the quantity of 
neutral red and the cell numbers is critical (Table 1), 
and also that time of reduction in plaque numbers is 
proportional to the concentration of neutral red 
(Table 2). The Rostock strain of fowl plague virus and 
the agar cell suspension plaque assay technique of 
Cooper‘ were used in all the experiments, as described 
in the earlier communication. Neutral red (Gurr) was 
used, and a standard volume was incorporated in the 

to make the final concentration in each Petri 
dish 1: 10,000. 


Table 1. 


EFFECT OF CELL NUMBERS 


Cells per | Neutral} Appearance on Mean plaque | Inhibition 

Petri dish} red fourth day count —_| (per cent) 

6 x 107 Plaques 71 

6 x 10° + Very small | a 

laques 32 55 | 0 

3 x 10’ + oxic effect, with 1 
pallor. 

o plaques seen | fi 
re 
in 

Table 2, EFFECT OF VARYING QUANTITY OF NEUTRAL RED ni 


m 

Experi- uantity of | Mean plaque | Reduction of 0. 
ment No. — red count count (per cent oa 
1 Nil 61 | oon 
Standard 28 55 w 

2 Nil 70 
Half-standard 51 27 of 

we 


The effect of neutral red appears early ; that is, the 
reduction in plaque count is only slight if applied 
later, for example, on the third day. In this exper 
ment (Table 3), no stain was added at the beginning, 
but six Petri dishes were stained on the third day 
and six on the fourth. All were read on the fourth 
day : 


Table 8 


Stained Mean plaque count vel 
Third day 22 tr 
Fourth day 26 pap: 


In the experiments of Darnell e¢ al.*, the classical 
cell sheet technique was used, and they give reaso 
for supposing that the neutral red acts on the infee 
cell, as adsorption of further virus is prevented by 
addition of agar overlay. 


A. P. 


Department of Pathology, 
University of Cambridge. 
Dec. 20. 


1 Waterson, A. P., Arch. ges. Virusforsch., 8, 113 (1958). a 
2 er E., Lockhart, R. Z., and Sawyer, T. K., Virology, 6, 
1 


* McClain, M. E., and Hackett, A. J., J. Immunol., 80, 356 (1958). ° 
* Cooper, P. D., Virology, 1, 397 (1955). 
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Local Inhibition by Lactation of ge tay 
induced Breast Tumours in Mice of the | 
Strain 


Tue IF strain of mice, established by Bonser!, does 
not develop spontaneous breast tumours. However, 
it is very susceptible to the action of certain chemical 
carcinogens?*, developing a high incidence of tumours 
of the skin or breast when the chemicals are admin- 
istered in an appropriate way. Dmochowski and Orr* 
showed that breast tumours so induced lacked the 
virus-like mammary tumour agent. 

In previous studies of JF mice given methyl- 
cholanthrene it was found that, while the incidence 
of palpable breast tumours induced in virgin and 
foreed-bred (unsuckled) mice was of the order of 
70 per cent, no breast tumours were obtained in 
breeding mice which were allowed to suckle their 
young, provided the first lactation had begun before 
the mice received their first treatment with the 
carcinogen®*, 

The experiment to be described here was performed 
in order to discover whether the inhibitory effect on 
induction of breast tumour of suckling the young was 
a direct local effect of lactation on the breasts con- 
cerned, or a result of the hormonal status of the 
lactating animals. The experiment was designed to 
provide breeding animals in which half the number 
of breasts would be suckled by young and the other 
half would not be suckled, though all would be sub- 
jected to the same hormonal influences. This was 
achieved by excising the nipples from the five breasts 
on one side only of 20 young adult IF female mice. 
The mice were then mated and allowed to breed 
freely, but the number of babies suckled was 
reduced to four if there were more than this number 
in@ litter. After the first litter was born, eight fort- 
nightly paintings of the mothers with 0-5 per cent 
methylcholanthrene in olive oil were begun, about 
02 ml. being distributed over dorsal and ventral 
surfaces at each treatment. The mice were inspected 
once weekly for palpable tumours, and when these 
were large the animals were killed. At autopsy most 
of the palpable tumours were fixed and the pelts 
wereremoved and examined for non-palpable tumours. 
All suspicious lesions were removed for histological 
examination. 

The mean survival of the 20 mice used from the 
irst painting with methylcholanthrene was 28 weeks 
range 19-45 weeks). The mean number of litters 
born after carcinogen treatment began was 3-15. 
Palpable breast tumours arose as subcutaneous 
lumps from the seventeenth week after the first 
painting with methylcholanthrene, many mice de- 
veloping more than one. Some mice developed 
papillomas of the skin, and a few of these became 
malignant. 

Table 1 shows the incidence of breast tumours in 
the mice. It will be seen that this was far greater 
m the non-lactating breasts. Only two palpable 
‘umours were obtained on the lactating sides, whereas 
31 palpable tumours were obtained on the non-lactat- 
ig sides in 13 of the 20 mice. Almost all the tumours 
mdueed in this group of animals showed a very 
marked degree of lasi Th 
which squamous metaplasia. e _two 

arose on the lactating sides were entirely 
“wamous, but it is considered that they may have 
“sen in breast tissue since they first appeared as 
“ubeutaneous lumps. The tumours with a marked 
Nebr component grew more slowly than the 
‘pieal adenocarcinomas with secretion which were 
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Table 1. THE INCIDENCE OF TUMOURS INDUCED BY METHYLCHOL- 
BREAST TISSUE “= IF MICE SUCKLED ON ONE SIDE 
NLY 


ANTHRENE IN 


Number of mice with 
son tumours on non- 
side suckled side 


Multiple ble 10 
Single oom 2 3 
Non-palpable 1 2 
None 17 5 
Total mice 20 20 


Incidence of mice 
with palpable 


Number of mice with 
Breast t s t suckled 


tumours 2/20 = 10 per cent 13/20 = 65 per cent 


previously induced with methylcholanthrene in virgin 
or forced-breeding mice of this strain. From histo- 
logical study of the non-palpable nodules found in 
these mice, it is considered that many of the tumours 
probably arose from foci of squamous epitheliosis in 
the breast tissue, similar to those described by 
Pullinger’. 

The experiment described above indicates that the 
hormonal status of lactating animals is not responsible 
for inhibiting the chemical induction of breast 
tumours. The inhibition must, therefore, be a direct 
local effect of suckling on the breasts concerned. 
Further experiments are in progress to attempt to 
discover whether, or not, the inhibition by lactation 
results from excretion of the effective carcinogen 
in the milk. 

I wish to thank the Birmingham Branch of the 
British Empire Cancer Campaign for support of this 
work. 


JUNE MARCHANT 


Cancer Research Laboratories, 
Department of Pathology, 
Medical School, 
Birmingham 15. 
1 Bonser, G. M., J. Path. Bact., 46, 581 (1938). 
2 Orr, J. W., Acta Un. Internat. contre Cancr., 12, 682 (1956). 
3 Jull, J. W., Second Internat. Symp. Mammary Cancer, Perugia, 1957, 
ed. by Severi, L., 423 (1958). 
* Dmochowski, L., and Orr, J. W., Brit. J. Cancer, 3, 520 (1949). 
5 Marchant, J., J. Path. Bact., 70, 415 (1955). 
®* Marchant, J., Brit. J. Cancer, 12, 55 (1958). 
' Pullinger, B. D., Brit. J. Cancer, 3, 494 (1949). 


increase of Viral Hamagglutinability 
of Red Cells of the Mouse after 
Treatment with Formalin 


Clark and Nagler! found that the red cells of the 
mouse did not react very well with viral hem- 
agglutinin. Flick*®.*, and later on Cox and Pirtle‘, 
introduced the use of human red cells treated with 
formalin in the study of hemagglutination by 
influenza virus. We found, while using formalin 
to stabilize the red cells of fowl and mouse for 
viral hemagglutination, that the hemagglutina- 
bility of those of the latter was considerably 
enhanced, particularly for certain types of influenza 
virus. 

A slight modification of the method described by 
Cox and Pirtle‘ was used for preparing the preserved 
fowl cells and preserved mouse cells with a little modi- 
fication. Mouse cells were obtained from pooled blood 
of a Swiss strain of mice. 100 ml. of citrated blood 
(with 1 per cent sodium citrate) was diluted with an 
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equal volume of physiological saline. 40 ml. of a 50 per 
cent solution of isotonic formalin (20 ml. of pure 


formalin with 20 ml. of 1-70 per cent sodium chloride) . 


was then added to the diluted blood. This mixture 
was then placed in a water-bath at 37° C. 

For preparation of preserved fowl cells and 
preserved mouse cells like those used by Cox and 
Pirtle, the cells were mixed with formalin and heated 
twice for 2 hr. each time. Another type of cells was 
prepared by mixing with formalin in the same way 
and then heating the mixture once for 6 hr. at the 
same temperature. After heating, the cells were 
washed three or four times with about 20-30 vol. of 
physiological saline to remove formalin as completely 
as possible, and a 0-5 ver cent suspension was then 
prepared with these cells in physiological saline for 
the tests provided the cells were not auto-agglutin- 
ating. 

The diluted blood was treated with carbon mon- 
oxide gas before the addition of formalin to preserve 
the familiar red colour of the cells instead of the 
brown coloured cells obtained by the usual technique. 
This was found to facilitate the reading of the results 
of hemagglutination by Fauconnier’. 

Fresh fowl and mouse cells were washed three times 
in physiological saline before preparing a 0-5 per 
cent suspension for the tests along with the preserved 
cells. 

The strains of viruses employed in this study were 
egg-adapted strains of the laboratory and were used 
in the form of infected allantoic fluid which had been 
clarified by centrifuging. Salk’s classical tech- 
nique* was used for testing the hemagglutinability 
of various cells. Serial two-fold dilutions in two rows 
starting from 1 in 2 and 1 in 3 of the virus in physio- 
logical saline were mixed with an equal volume 
of 0-5 per cent red cells. The reactions were always 
carried out at 4°C. and the results were read after 
6 hr. 

A typical example of the results of the hem- 
agglutination tests with different red cells and various 
virus strains is shown in Table 1. 

Table 1 shows that most of the viruses included in 
this study exhibit a rise of the hemagglutination 
titre with the mouse red cells treated with formalin 
as compared with the fresh mouse cells. The rise is, 
however, more significant with the three strains of 
influenza B. These three strains of influenza B seem 
to possess little or no hemagglutinin for fresh mouse 


Table 1. H®MAGGLUTINATION TITRE (RECIPROCALS) WITH DIFFERENT 
TYPES OF RED CELLS 


Chicken cells j Mouse cells ) 
| Preserved Preserved | 
| Strains | Fresh Fresh 
| of virus | (un- | Heated | Heated | (un- | Heated | Heated | 
| | treated) | for 4 hr. | for 6 hr. | treated) | for 4 hr. | for 6 hr. 
| (Cox) | (Cox) 
4A-PRS | 2,048 4,096 8,192 128 2,048 4,096 
A-WS | 2,048 2,048 4,096 | 12 | 4,096 4,096 | 
| B-Lee | 2,048 2,048 4,006 | <2 {| 192 | 1,536 | 
| B-Vig. 512 718 | 1,024 2 128 §12 | 
| B-Eng./ | | | | 
54 2,048 2,048 | 8,192 | 2 512 2,048 
5 512 512 612 | 16 128 128 | 
| > femal | 1,024 | 1,024 | 2,048 64 256 512 | 
P asseee | 2,048 | 2,048 4,096 | 1,024 1,024 4,096 
Sendai 4,096 4,096 8,192 | 1,024 2,048 4,096 
\Swine — — | — 16 32 64 
Mumps 
| (BOS) | 256 | 512 | 1,024 <2 64 256 
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B-Lee 


Fig. 1. ances in hemagglutinability of fresh and preserved 


123 
Mumps 


A-PR8 


mouse cells: esh mouse cells; 2, preserved 


heated for 4 hr. (Cox) ; nd eee 


3, preserved mouse cells heated for 6 hr, 


cells but could agglutinate the formalin-treated mouse 
cells to a fairly high titre which compared favourably 
with the titre obtained with the fresh fowl cells. 
Almost a similar phenomenon was also observed with 
a local strain (BOS) of mumps virus. Even with 
the very sensitive red cells of the fowl a slight but 
consistent increase in titre was found when the cells 
were preserved with formalin. Table 1 also shows that 
the period of heating of formalin-red cell mixture 
plays an important part, as a higher titre was usually 
obtained with the cells heated for 6 hr. than the 
titre with the cells heated for 4 hr. 

It appears that formalin under certain well-defined 
conditions can confer the property of hzemagglutin- 
ability on certain red cells which are normally not 
sensitive to viral hemagglutinin, and can enhance 


the same property in some normally sensitive red Ri 
cells. Wim 
The mechanism of action of formalin on the red one 
cells will have to await further investigation. It was & “t. 
found during this work that prolonged heating after J 
addition of formalin to red cells brought about their J ‘ri: 
auto-agglutination in physiological saline though 7 
they were found to be stable at a lower ionic con- tel 
centration. Possibly the process of preparation me 
of formalin-preserved red cells enhances theit 
hemagglutinability by lowering their surface V.c2 
charge. 
This finding shows that it may be possible t0 MM tis 
demonstrate virus receptors in red cells of other 9% sh 
species of animals after treatment with formalin which & ,/°" 
normally do not react well with viral hemagglutinin. J Vestm 
Similarly, hitherto undiscovered hemagglutinating ‘aa 
virus may also be discovered with the formalin: 
treated cells and attempts are now being made in @ "sia 
this direction in this laboratory. oun 
B. FAucONNIER to tan 
D. Barva 
Centre National de la Grippe. ine 
Institut Pasteur, 
28 rue du Docteur Roux, Pi 
Paris 15. 
Dee. 30. 


‘Crk B., and Nagler, F. P. O., Aust. J. Biol. Med. Sei., 21, 108 


* Flick, J. A., Proc. Soc. Exp. Biol. Med., 68, 448 (1948). 
* Flick, J. A., Sanford, B., and Mudd, 8., J. Immumnol., 61, 65 age 
and Pirtle, E. C., Proc. Soc. Exp. Biol. Med., %, 


5 Fauconnier, B., Ann. Inst. Pasteur, 95, 777 (1958). 
* Salk, J. E., J. Immunol., 49, 87 (1944). 
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No. 4661 F ebruary 28, 1959 
FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, March 2 


Barish SOCIETY FOR THE PHILOSOPHY OF SCIENCE (in Council 
Room, University College, Gower Street, London, W.C.1), at 5.30 p.m. 
_Dr. W. Grey Walter: “The Study of Complex Systems”. 

OF ENGINEERS (at the Geological Society, 
House, Piccadilly, London, W.1), at 5.30 p. m.—Mr. R. G, T. Lane: 
“Some, Experiences of River Control in Africa 

INDUSTRY (at 14 Belgrave Square, London, 
§W.1), at 6 —Dr. R. A. E. Galley: “Colonial Research— 
Products and ‘(Jubilee Memorial Lecture). 


Tuesday, March 3 


Soolety OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP 
(at 14 Belgrave Square, London, S.W. 1), at 6.30 p.m.—Dr. J. H. 
Green: “Aspects of Polymer Fractionation”. 

Royal SOCIETY OF MEDICINE, PATHOLOGY AND RADIOLOGY 
sections (at 1 Wimpole Street, London, W.1), at 8 p.m.—Discussion 
on “Changes Produced in Tissues by Irradiation”. Opening Speakers : 
br. H. J. G. Bloom, Dr. R. H. Mole and Dr. A. Glucksmann. 


Wednesday, March 4 


OF (at 61 New Cavendish Street, London, 
at 5.30 p.m.— H. now, .E.: “Looking ead. 
ihe Threshold of our Second Century”. 

ROYAL METEOROLOGICAL SOCIETY Poa 49 Cromwell Road, London, 
3W.7), at 5.30 p.m.—Mr. H. H. Lamb: “Our Changing Climate, 
Past and Present” (Third Evening Discourse). 

PRESTRESSED CONCRETE DEVELOPMENT GROUP (at the Royal 
Commonwealth Society (Craven Street entrance), London, W.C.2), 
at6p.m.—Prof, H. Riisch (Institution of Technology, Munich): ‘““How 
(an the Advantages of Prestressed Concrete Best be Utilized ?” 

Society OF CHEMICAL INDUSTRY, CORROSION GROUP (at 14 Bel- 
grave Square, London, S8.W.1), at 6.30 p.m. —Meeting on “The 
Diagnosis of the Causes of Corrosion Failures”. 


Thursday, March 5 


UnIvERSITY COLLEGE (in the Anatomy Theatre, Gower Street, 
London, W.C.1), at 1. Rose m.—Dr. E. Wiesenberg: “The Dead Sea 
Scrolls’ Where do they Come From ?” 

RovaL Burlington House, Piccadilly, London, W.1) 
4 430 p.m.—Mr. E. M. Nicholson: ‘The Nature Conservancy as a 
Research Council’. 

ROYAL SOCIETY OF MEDICINE, UNITED SERVICES SECTION (at 1 
Wimpole Street, London, W.1), at 5 p.m.—Discussion on “Some 
Aspects of Naval Aviation Medicine”, Sensaae Speakers: Surg.- 
Capt. F. W. Baskerville, Surg.-Lieut. P. C. Barrington, Surg.-Lieut.- 
Cdr. I. H. Colley and Surg.-Cdr. E. Boyd Martin. 

Royal OF ARTS, SECTION (at John Adam 
Street, Adelphi, London, W.C.2 2), at 5.15 p.m.—Mr. Charles Mount- 
— “The Art of the Australian inna and its Place in their 

INSTITUTE OF REFRIGERATION (at the Institute of Marine Engineers, 
The Memorial Building, 76 Mark Lane, London, E.C.3), at 5.30 p.m.— 
Mr. T. van Heile: “Applications of Refrigeration to Horticultural 
Produce in the Netherlands”. 

INSMTUTION OF ELECTRICAL —— at Savoy Place, London, 
V2), at 5.30 p.m.—Mr. J. Pitts: “The Reliability and Life of 
Inpregnated Paper 

ROYAL ANTHROPOLOGIOAL INSTITUTE (at 21 Bedford Square, 
london, W.C.1), at 5. 30 p.m.—Mr. Peter Willmott: ‘Mothers and 
Daughters : a Discussion j Kinship in Contemporary Britain’’. 

INSTITUTION OF MECHANICAL ENGINEERS, INDUSTRIAL ADMINISTRA- 
TWH AND ENGINEERING PRODUCTION GRouP (at 1 Birdcage Walk, 

Vestninster, London, S.W. 1), at 6 p.m -—Discussion on “Engineering 
Standards—Development and Use 
SOCIETY OF INSTRUMENT TECHNOLOGY, DATA PROCESSING SECTION 
at Manson House, Portland Place, London, W.1), at 6 p.m.—Sym- 
besim on “The Use of Data Recorded on Industrial Spat, 

SOCIETY CF CHEMICAL INDUSTRY, heey gra’ GROUP (at 14 Bel- 
jr Square, London, 8.W.1), at 6. .m.—Prof. G. F. Gause 

cademy of Medical Sciences, Sande he Microbe’s Contribution 

‘o Cancer Research”. 

ane Society (at “The Duke of York”, 8 Dering Street; 

hig W.1), at 7 p.m.—Informal Discussion Meeting on “Some 

Encountered in Agricultural Studies” intro- 


Friday, March 6 


mdon, S.W.7), 
‘lla. m,—Symposium on “Recent 


House, Piccadilly, 
experimental Taxonomy 
Prof. H. Valentine, Dr. 


“speaker 
Walker, Miss J. Buchanan, Dr. 


SOCIRTY roR Cumnsrar ( 
“4 the Royal Society, Burl- 
Piccadilly, London, W.1), 30 anual General 
ig lowed 3 p.m. by the of the Retiring President, 
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UNIVERSITY COLLEGE (in the Fecpislogy Theatre, Gower Street 
Lane, W.C.1), at 5:15 p.m.—Prof. J. Folch-Pi (Harvard ‘ard Medicai 

of “Brain Lipoproteins and Proteolipids”.* (First of two 
Special University Lectures in Biochemistry. Further lecture on 


pan ll OF MECHANICAL ENGINEERS, (at 44 Birdcage Walk, 
Westminster, London, S.W.1), at 6 p.m.—Prof. J. H. Horlock: 
“Approximate Equations for the Properties of Superheated Steam”. 
SOCIETY OF DYERS AND COLOURISTS, LONDON SECTION (at the 
Royal rey eh Burli on House Piccadilly, London, W.1), at 6 p.m. 
"au ee E. Henshall: “The Use of Antistatic ‘Agents in Textile 
acess: 


ROYAL INSTITUTION (at 21 Albemarle =" London, W.1), at 
9 p.m.—Prof. Ronald King: “Metal Surfaces” 


Saturday, March 7 


NUTRITION SOcrETy (at the Royal Veterinary College, Royal College 
Puneton London, N.W.1), at 10.15 a.m.—Symposium on “Rumen 
ction’. 
N CouNTY CoUNCIL (at the Horniman Museum, London 
Road 4 Hill, London, 8.E.23), at 3.80 p.m.—Mr. Alfred 
Leutscher : “Reptiles as Pets”.* 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT, Grade A (suitably qualified to teach mathematics to 
students in Preliminary, Engineering Trade Courses, and in the first 
year of the National Certificate Course), IN THE MATHEMATICS DEPART- 
t teh oe Principal, Coventry Technical College, Butts, Coventry 

rch 

HEAD (with high | pone ie in pharmacy and wide experience 
in both teaching and research) OF THE SCHOOL OF PHARMACY—The 
Clerk to the Governors, Chelsea College of Science and Technology, 
Manresa Road , London, 8.W.3 (March 7). 

JOHNS MANVILLE RESEARCH SCHOLAR (man or woman, with a 
B.Se. honours degree or equivalent) IN THE DEPARTMENT OF CHEM- 
IstRY, for work of a chemical and be stallographic = on silicates, 
especially the group—tThe Secretary, e University, 

erdeen 

OTURER IN CHEMISTRY IN THE DEPARTMENT MEDICINE 
—tThe Registrar, The University, Manchester 13 (March 9 

ASSISTANT LECTURER (preferably with some knowledge of ‘numerical 
analysis) IN THE DEPARTMENT OF MATHEMATICS—The Registrar, 
ee moat Ye College (University of London), Mile End Road, London, 


EMONSTRATOR with an honours in chemistry 


or agricultural chemistry) IN Som ScrENcE—The _ School 
of Agriculture, The University, Cambridge (March 

ASSISTANT LECTURER, Grade B (preferably with and 
research experience), IN THE DEPAR@MENT OF PHysics—The Clerk 
to the Governors, Chelsea College of Science and Technology, Manresa 
Road, London, 8.W.3 (March 14). 

JUNIOR LECTURER (preferably interested in physiology or in myco- 
logy) IN BotaNny—The Registrar, Trinity College, Dublin, Ireland 


(March 14), 
( In ZooLogy—The Principal, St. Anne’s College, Oxford 
re 

LECTURER or RESEARCH ASSISTANT IN BACTERIOLOGY AND VIRO- 
Locy—The Registrar, The University, Sheffield (March 14). 

LECTURER (with experience in teaching — science, preferably 
chemistry) IN EpucaTION—The Registrar, The University, Notting- 
ham (March 14). 

CHEMIST (with an honours degree or equivalent in chemistry or 
chemical engineering, several years experience of chemical plant 
management, preferably in plants involving radioactive processes, 
and a good knowledge of the novel techniques used in the industry), 
to control a group of chemical plants involving the processing of radio- 
active materials, and to be responsible for the safe and efficient opera- 
tion of these plants—T he Personnel Manager, U.K.A.E.A., Industrial 
Group, Experimental Reactor Establishment, Dounreay, Thurso, 
Caithness, Scotland, quoting Ref. 2973/T (March 

LECTURER I OLOGY, or LECTURER A, PLANT EcoLocy 
—tThe Secretary, The University, 36 North Bailey, Durham (March 16). 

CIPAL SCIENTIFIC OFFICER iene 40 to 45 years of age, 
with wide experience in biological research and preferably me: in 
administrative/scientific work), to take responsibility for the Con- 
servancy’s Conservation Branch in England—The Nature Conservancy 
(E), 19 Belgrave Square, London, 8.W.1 (March 16). 

DEMONSTRATOR IN PHysics, to assist the teaching staff in practical 
classes and in tutorials—The Registrar, epee College of Science 
and Technology, Manchester 1 (March 2 

LECTURER IN METALLURGY—The Disbetene, The University, 
21). 

ST (with a degree in chemistry or biochemist: or consider- 
axperionse in analytical chemistry) in a hospita ‘biochemistry 
laboratory—The Registrar, The University, Leeds 2 (March 28). 

SENIOR LECTURER IN NucLEAR PuHysics—The Secretary, The 
University, 38 North Bailey, Durham (March 28). 

ASSISTANT LECTURER IN THE DEPARTMENT OF ZOOL OGY—The 
Registrar, University a of South Wales and Monmouthshire, 


Cathays Cardiff (Mar 
A TE PROFESSOR IN 2 ee at Newcastle University 


SSOCIA’ 
College, University of New South Wales, Australia—The Agent- 
pear ag ng New South Wales, 56 Strand, Londen, W.C.2 (Australia, 


JUNIOR LECTURER (with qualifications in invertebrate paleontology) 
~ Nepeenarote Registrar, Trinity College, Dublin, Ireland (March 


LECTURER IN CHEMISTRY OF HIGH POLYMERS in the Depart- 
ot textile "Industries—‘The Registrar, The University, Leeds 2 
arc 
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LECTURER or ASSISTANT LECTURER 
honours or special degree in in statistics, or ins mathematics wi 
tions in statistics) IN STaTisTics—The retary, 
(University of Lenton), Regent’ Park, tA 

ANT LECTURER IN ZOOLOGY-—The Registrar, 
Come. Park, Swansea (April 4). 
IN APPLIED THERMODYNAMICS at Imperial Coll 
Academic Registrar, University of London, Senate House, 
wo C.1 (April 8). 
ENIOR a degree or higher degree in 
ty, together with design 
in ndustry and teaching experience 2 at university level in design sub- 
jects) IN MECHANTOAL ENGINEERING at the University of Queensland. 
Australia—The Secre Association of Universities : the Briti sh 
Spril 10) 36 Gordon Square, London, W.C.1 (Australia, 
pr: 

BERKELEY BYE-FELLOW IN THE NATURAL SCIENCES or IN mn 
—The Registrar, Gonville and Caius College, Gaaieciaep (A 30). 

RESEARCH STUDENT (with a first degree in’ mathematics 
ical physics, and wanting to read for a D.Phil. degree) at the Mathe- 
matica Institute, to work in electronic structure of metals under the 
direction of Pr .- Coulson, cretary 
Institute, The Cniveraity, 10 Parks Road, ‘Oxford (April 30). 

SHELL SrupeNt iN GkopHysics—Head of the Department of 
The University, Madingley Rise, Madingley 

mbridge (June 1). 

AFRICAN PYRETHRUM RESEARCH FELLOW (with at least a good 
honours degree in entomology, biochemistry or zoology), to study 
certain problems related to the use of as an insecticide on 
field and crops—The The University, 
Notting 

(with experience of electronic digital to join 
@ research team studying biomolecular structure by’ X-ray crystallo- 
Raft Street, Secretary, Birkbeck College (University of London), 

et Street, London, W.C.1. 

DEMONSTRATOR IN CROP HUSBANDRY, and a DEMONSTRATOR IN 
ANIMAL PHYSIOLOGY at the School of Agriculture, Sutton Bonington 
—The Registrar, The University, Nottingham, 

Heap (graduate, preferably with both teachin and industrial 
experience) OF THE SCIENCE DEPAR' 1i—The Principal, 
Ewell County Technical College, Reigate ce Road, ‘Ewell, 

Leororer IN Paystcs—The Clerk to the Governors, Northern 
Holloway, London, N.7. 

LEocT R (with appropriate | academic qualifications together with 
a wide “industrial experience in yarn manufacture, and pene 
experience in teaching and/or research) IN SPrINNiNG-—The egistrar, 
Institute of Technology, Bradford 7. 

MINING GEOLOGIST (with a first- or good second-class honours 
degree in geology or mining geology, or equivalent qualification) in 
the Federation of Nigeria, for the detailed examination and appraisal 
of mineral deposits including the supervision of drilling and prospect- 
Director of Recruitment, Colonial Office, London, 
1 quoting } BOD. .105/14/011. 

ORGANIC C join. a problem 
in the field mot ao chem Arthur D. Little 
Research Institute, Inveresk Gate, Musselburgh, Midlothian, Scotland. 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


National Museum of Wales. Fifty-first Annual Report 1957-58 
presented by ie Council to . Court of Governors on 24th October, 
1958. ) Pp. plates. Cardiff: National Museum of View 


Society for Freedom in Science. Occasional Pamphlet No. 18: 
Science and the Sputniks. By John R. Baker. Pp. 6. (Oxford: Dr. 
John R. Baker, c/o Dept. of Zoology, University Museum, tots 
1, 

Annual Report of the National Oceano aphie Council, 1 April 
1957—31 March 1958. Pp. v+39. (Cambridge: At the University 
Press, 1958.) 5s. net. (1612 

Institution of Electrical Engineers. 1958 Amendments to the 
Thirteenth Edition of the Regulations for the Electrical Equipment of 
Buildings. Pp. 12. (London: Institution of Electrical Engineers, 


2 
Building Resenneh | Station Digest No. 116 (November 1958): Roof 
Drainage. . 4. M. Stationery Office, 1958.) 3d. [1612 
Library Pamphlet No. 19: The -American 
Library Associations—an Historical Note on the Beginnings, By R. D. 
Macleod. Pp. 15. (London: Library Association, 1958.) 2s. {1612 
Imperial College of Science and Technology (University of ar 
Fifty-first Annual Report of the Governing Body, 1957-19) 
(London: Imperial College of Science and Technology, 1958. ) GE 
British Gelatine and Glue Research Association. ——_ Annual 
Report for the year October 1957 to September 1958. Pp. 16. (iondon - 
British Gelatine and Glue Research Association, 1958. " (1612 
Secondary Education for All: A New Drive. Pp. 10. (Cmnd. Le ) 
(London : H.M. Stationery Office, 1958.) 9d. ne 
British Electrical and Allied’ Industries Re 
Technical Report G/XT155: Theoretical Calculations of are ion. 
tures in Different Gases. By L. A. King. -1i+9 Ss. 128. 6d. 
‘echnical Report L/T353: A Spectroscopic 
- Duration, High Current Sparks in Hydrogen. 
Pp. 12 (24 figures), 15s. (Leatherhead : British Blectrical and “led 
Research Association, 1956 and 1957.) {11 
Pp. $ : Industrial Opportunities. Issue No. 1 (October, 1958). 


Subscription ra rates for one year); Inland 
£10 S.A. and Canada 


ey 9,000 lire; France 13,000 
mdon : Mason id Burlington Street, Wa. 
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Other Countries 


By Albert F, Trites 3 ars sod Ralph H. T Thurston. Pp. {i ii 
plates 7-11. n.p. Bulletin 1058-A ; Reconnaissance for ‘Radiat 
Deposits in So 1952. By_ Joseph 
Robert G. Ba S. Velikanke and Helmuth i an 
Pp. iv+31+3 plates, ‘cents, “Bulletin 1059-E Selected Anni 
B of Uranium Geology of Igneous and Metamorphic 
Resources of Morris County, Kansas, y, Melville BR, Mudge, Claud: 
Matthews and John >. we lis. Pp. iv aie or Bava n.p. ‘Water. 


Supply Paper 1303 pilation of Records 


binove, R. 


H. Lang 
. W. Brookhart, “plate. Lp. Publications 


of the Geological Survey, May 1958. Pp. vi+455. (Washington, D.C.: 
Pp. 66. (ant: 
{ll 


Government Printing Office, 1958. 
Commissariat a I’Energie Atomique, 1945-1958. 
Commissariat a l’Energie Atomique, 1958.) 
Procesdings of the Symposium on Phytochemistry, Kuala Lumpur, 
December, 1957. (Sponsored by the Government of the Federation of 
Malaya ‘and Unesco Science Co-operation Office for South East Asia.) 
Pp. xii Unesco South East Asia Science 


Office, 1958 
ediatrics, Vol. 1, Numbers 1 and 2 ( 
Pp. 64 ” Hacettepe, Research Tstitute of 
958. {ll 
1058.) of ines and Technical Surveys. Geologi 
sca of Canada. Memoir No. 289: Silurian Stretigughy 2 and 
Palaeontology of the Niagara Escarpment i in Ontario. By Thomas f. 
Bolton. Pp. vii+145+18 plates. 2 dollars. Memoir No. 293: Flor 
of the Upper Cretaceous Nanaimo Group of Vancouver Island, British 
Columbia, By W. A. Bell, Pp. v+84+67 ‘plates. 4 dollars. (Ottawa: 
Queen's 8 s Printer, 1957.) {ll 
da: Department of Northern Affairs and National Resources. 
Neth Museum of Canada Bulletin No. 152 thet ical Series 
No. 42): Medicine-Men on the North Pacific Coast. By Marius 
v+95 (90 illustrations). (Ottawa: Queen’s 
Coryndon Memorial Museum, Nairobi. Occasional No. 
Notes on the Genus Simopithecis, with a Description of a New Species 
from Olduvai. By B. Leakey and T. 14410 
lates. (Nairobi : RAE. Memorial Museum ; Cambridg me 
li and Co,, 1958.) 7s. 6d. 

Annuario del Observatorio Astronémico de Madrid para 164 
364. (Madrid : Observatorio Astronémico, 19) {ul 
Origin of Primary Extraxylary Stem Fibres By 
Amélie Blyth. Pp. 145-232 2 +-plates 1-23. (University of Californis 

Publications in Botany, Vol. 30, No. 2.) (Berkeley and Los Angeles: 
University of California Press ; London: Cambridge University 
Press, 1958.) 1.75 dollars. fil 
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